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GEOLOGY AND ORE DEPOSITS OF THE TINTIC MINING 

DISTRICT, UTAH. 



By Waldemar Lindorkx iiad G. F. Lougiiliv. 



INTRODUCTION. 



Tiaiic, Park City, and Bingham hnvo always 
been th(i tlu-eo great sUvtir-leod producing tUa- 
tricts of Utah, Of lute yoais Bingham lias also 
bticome ono of tho most prominent copper dk- , 
tricts of the world, and Tintic has likowtae , 
entered the rtaiks of the great copper camps. 

Tlie Tintic Llistrict, named aft^ir a noted 
Indian chief of the Uto tribo, is about 60 miles 
south of Salt Lake City, in the Eoat Tintic 
Momitains, the most easttirly of tlie Basin 
Ranges. This rar^o fonns the southward con- 
tinuation of tho metal-rich Otiuirrh Ranj^o and 
lies only 20 miles west of tho mighty Wasatch 
uphft. From 1S69 to tho end of 1016, accord- 
ing to statistics compiled by V. C Hoikes,' 
metals bav'O beou produced in this district to the 
gross value of $169,326,248. Tintic is a dis- 
trict of complex ores yielding, in order of value, 
silver, gold, load, copper, and zinc,besidoa which 
some bismuth, ai-senic, and antimony are re- 
covered. The annual production, though un- 
evou, had nseu to a maximum of nesjly 
$10,000,000 in 1912. 

A cartsful geologic examination of the three 
districts named above was planned at an early 
date by tho United States Goological Sun^oy 
and oaiTied out under tho direction of S. F. 
Emmons. The Tintic report' was published 
in 1S98, the field work having been completed 
in 1897. The stratigruphic and economic 
studies*were imdortaken by G. W. Tower, and 
tho igneous rocks wove investigated by George 
Otis Smith. The results wore also summa- 
rized in Folio 6.5 of fclie Geologic Atlas of the 
UnJtod States, by Tower, Smith, and Emmona. 

t U. S. Geol. SurvBy Minoral Re&cnrces, 19IS, pt. 1, p. 402, 1910. 

» Tower, G. W., Jr., and SnUtb, 0. O., G^ilogy imd ininiOR Induauy 
61 ibo TiDtio district, rtab: U. 8. Gool. Survay Nifletwutb Ann. UopU, 
pt.-^pp. 601-707, 1608. 



Tliis folio contained a map of un area of 12 
square milca, which includod the principal 
luinoa of the district, on tho scale of 1:9,600, 
and a map of a larger aroa (now oallod tho Tin- 
tic (luadranglo), inchuliiig tho central part of 
tbb East Tintic Mountains, on the scale of 
1:62,500, or about I mile to tiio inch. Theso 
maps liavo been ro\nsed and reproduced as 
Plates IV and I, respectively, of tho present 
report. 

Since the fii'st report was published tlie an- 
nual production of tho district has about 
doubled, tho dovelopraent work, both laturiJly 
and in depth, liiis increased onormonsl}', and 
an entirely new lino of ore deposits on the oast 
side of the district l\as boon opened. The 
Director of tho Survey therefore decided that 
a review of the new development.^ would bo 
desirable. Tl\o rosm-vey was assigned in 1911 
to tho present authors; the examination of the 
structural, stratigraphic, and igneous geologic 
featuras wtia uudertakon by G. F. Loughlia 
and tho investigation of tho ore depoi^its by 
Widdcniar Lindgren, who also had general su- 
pervision of the work, 

llie field examination was made in tho last 
two summer montlis of 1011, and tho district 
was revisited for a short time by ^ii: Leughlin 
in 1913 and by both authors in 1914. Mr. 
liOugldinidso assisted in the examination of some 
of the mines and studied the oxidized zinc ores. 

Tho rosurvoy was confined chiefly to the 
aroa of the mining district proper (Pl. IV, in 
pocket). Work beyond this area was limitod 
to outlying raining districts and points of 
special geologic interest. 

A more detailed study has resulted in consid- 
erable revision of the mapping of the sodi- 
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mentary area, baaed on tho discovery of uew 
fossa locfJitiea by F. B. Weeks ^ and G. t. 
LoughlJn. Tho fault sj'stoms havo also hean 
worked out rooro fully. Revision of the geol- 
ogy of the igneous rocks has con-sLst^d chiefly 
in raoro detailed mapping (ind description. 

Tho mine owners of the district havo aided 
Mio rc3urvoy by tho most cordial cooperation. 
With two excoptions, fortunately of miuor 
importuiicf,, all facihtit^ for undergi-ound work, 
mino maps, and assistance of various kluda 
wwe chm^rfuUj fumished. 

Special thanks uro due to tho gentlomeii in 
cbargo of the Knight properties, particularly 
to Mossrw. Josso Knight and L. E. Ritor._ Mr. 
Milan L. Crandull, jr., engineer for tlioso prop- 
erties, spared uo time or effort in furnishing 
datn , and several of tlio most important sections 
of undor^^round working.-! used in this report 
ftro copies of his careful and exact surveys. 

Cordial (hunks are also duo to Messrs. Jack- 
son McChrystjil, J. H. MoChi-ystal, G. W. 
Kitor, 0. C. Griggdj C. E. Alien, and Fewson 
Smith for miuiy conrtesios. 

Thoolliceworkondiita and specimens has con- 
sumed much time), Tho new raothodB of metal- 
lographie resoarch havo been applied to the 
study of tho ores, and in this work tho senior 
author haa TOCcived much aid from Messrs. 
W.L. Whitehead and A, H. Means, of the Mas- 
sachusetts Institute of Techj\ology. All the 
economic work has beon done in tho geologic 
laboratory of this institute. Mossi-s. Means 
and AMiilohead havo espocinllj assisted in the 
oxaniimUion of polished sections and havo made 
most of tho excellent photographs of such 
spocimons here reproduced. They havo also 
dono special work on tho mineralogy of th© 
district. The fos.sils collected have boon . ex- 
amiiiod by ifossii^. G. H. Girty and Edwin 
Kii-k, of tho Ihiited States Geological Survey. 
Many chemical analyses of oi-os havo l>een 
made by Mr. R. 0. WeDs, also of the Geological 
Survey, whose work and suggestions havo 
been greatly appreciated. Several minerals 
liave hcou detennijiod by Mr. W. T. Schallor, 
of tho stamo organization. 

1 nni.1 LnwrpcnkW by C. D. Wakotl, Catnbrl:ji lirjcMopoda: V S 
Owl. Burvoy Mon. 51, ppt uo, 157, ui, 1«, leii 



Sinco the manuscript of this report was trans- 
mitted for publication a paper o» the Tintic 
district by Crane* has been published. This 
paper differs frani the present report in the 
necfssariJy arbitrary subdivision of the sedi- 
rcentary formations and in tho interpretation 
of certain features of stratigraphy, structure, 
and geology of the igneous rocks. It considers 
only the more general features of tho ore- de- 
posits, regarding which it acc-ord3 with the 
present report. 

]«JoTK. — Fm-ther comments on this resurvey 
of the Tintic mining district can appropriately 
be added by one of the geologists making the 
earlier aoi'vey. Comparison oi' the later map- 
ping with the earlier brings out differences thafc 
are in part explained by the much extended 
mine development and the later discovery of 
fossil localities but that arc also dup- to more 
thorough field work. Comparison of t he work- 
ei*songaged in the two investigations of this area 
need not be made, but it is of value to compare 
methods and standards of work. Tho 14 yeara 
between 1897 and 1911 were years of progress 
in geologic science, and though no great changes 
m theoi7 or notable discoverieg were made 
there was a steady improvement in method. 
Some field workei-s adopted refltiemonts in 
mapping earlier than othere; the desire for 
quantitative results was stronger with certain 
of the earlier geolog^ts like Mr. Gilbert than 
with other geologist-s, even of a later day; but 
on tho whole there is apparent a steady trend 
toward exactness in map delineation and quan- 
titative accuracy in results. New methods are 
being adopted in both field and laboratory, all 
to tlie end of makmg the work more useful. 
With tins view of the raising of standards it is 
gi-atifying to compare the resurvey with the 
earlier work. It is beheved tha,t the geologists 
responsible for the original survey would have 
douG better work hi 1911 than they did in 1S97 
ond that probably the authors of tho present 
report would have been less successful ^r 1S97 
than thoy have been in this piece of thorough 
research. — G. O.S. 



' Crane, O. W., Owolasj- of U;« are doiwsHa of tho Tlntlo miulng di*- 
ttCcl: A 01. lost. Mill. EiE«. Tmos., vol. M. pp. Z^-^Oj, mi. 



Part I. GENERAL GEOGRAPHY AND GEOLOGY. 



By G. F. LouGHLiN. 



GEOGRAPHIC POSITION. 

The East Tuitic Mountains form ono of tiio 



The Tiiitic mining district is on tlie eastern 
(near tUo crest) and western sloping of tlw oon- 



Basin Ranges of Utah and havo the no^th-so^lth ' tral portion of tho East Tintic Momitains and 



trend charact oris tic of the^c ranges. (Soe fig, 1.) 
They lio just west of tho 112th meridian of 



iuchidos portions of Juab and Utah counties. 
A few small producing mines lio beyond the 
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Floras I.— Index map showing location oIEaat TmticUouiitates and Tlntic quad niselo(lcdlcatc-d by stoat) lectsagle). 



longitude and are crossed by tho 40th para.llel 
of latitude. They are thus only 10 to 20 miles 
distant from the south end of the "Wasatch 
Mountains ajid form tlie eastenmiost of tho 
Basin Kangos in this latitude. In total length 
the East Tintic Mountn.ins do not exceed 40 
miles, but they may be considered as continued 
to the north in tho Oqnirrh Mountjiins and to 
tho south in the Canyon Range. Both of these 
lift shghtly farther west than tho East Tintic 
Kongo but are soparatod from it by only nar- 
row passes. Thoy are from 5 to 10 miles wide. 



limits of this area. The district is about 60 
milos south of Salt Lake City, with which it is 
connected by two raUroads— the Los Angoios 
& Salt Lake and tho Donvor & Rio Grande. 
Eureka, Mammoth, Eobinson (now included in 
Mammoth CUty), and Silvor City aro the prin- 
cipal towns and are situated in gulches or 
broad canyons of tho western slope. Tho 
abandoned town of Diamond is similarly sitr 
uato<l south of the active part of tho district. 
EJQight^^llQ, just west of tho divide, is included 
within the limits of Eureka. Homanarille, 

lb 
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u .»,. fi^t mill waa o«^cted hut xvl.Pre . faulU thorfl appear to bo older than the ele^-a- 

lion, u .section poml on the Los iUigoles & 

Salt Liike Kailroad, whore the Tmtic branch 

Ipnvos tho main line, a milt^s soutiiwest of 

Eureka Tho old suiclter town of Tiiitic, alyo . , . . , ^ i • j 

Lprunt in th. .arly days, waa situato<l Th. slopes of the rulgoaro cu by major and 

tohor south, b tho middlo of Tmtio VaUey. minor c.nyons and gvilchos, iho largest of wMch 



iiitcn-upted by the Eiuoka-Homansville Pass 
and by Silver Pass, both of which lie along 
zones weakonod by faulting— in tho former pass 
provolcanic and iii tho latter poatvolcanic. 



To tho oast of tho momitahia, in Gosheu Valloy, 
fire tho farming towns of Elbcrta and Goshen, 
tho latttir just east of the Tintic quadrangle. 

TOPOGRAPHY. 

MOUNTAINS. 

Tlie East Tintic Mountains as a whole nrw 
rattiar complex and form parts of the oxtonsivo 
but now partly biuidil system of block moim- 
tains known an tho Basin Ranges. Thoy aro 
conncctod with tho West Tmtic Mouiitama by 
a low oust-west ridgo, oonipoaod hii-goly of gvav- 
ols, which forms tho divide botween Tintic and 
Rusii valleys; on tho eii*t they are r,omiectod 
at tho head of Goshon Valley with I-ong Ridgo, 
wliich extends southward and northeastward 
from Uiat point and at its northeast end is con- 



raergo into the wide valleys on tho oast and 
west. The i-ehef is strongly marked, tho crest 
attaining an altitudo of 8,214 feot, whereas 
Tintic Valley, on the west, descends to hu ele- 
vation of 5,600 foet and Goshen Valloy, on tbo 
oast, to 4,. 000 feet. The liighest peak (see PI. I) 
is Tintic Momitain, near tho south end of the 
ridge. The other principal peaks aro Bucikbom 
Mountain (7,852 feet) .Sujirise Peak (7,693 feet), 
Mammoth Peak (S,104 feet), Sioux Peak (S,094 
ioct), Godiva Momitaln (8;040 feet), Eureka 
Peak (7,909 feet), Packard Peak (7,828 feet), 
ami Puiyon Peak (7,702 feet). 

Tho character of tho topography is well 
8ho^v^^ in Platw VI, VIl, VIII, IX, and X, .4. 
Tho highest peaks, noarly a.11 on the backbone 
of the ridge, tu-o chanicterizod by a good num- 



nected with the Wasatch Mountaiiis hv tho low '. bor of outcrops, many of them eHffs, of which 



hills south of Santaquin. The East Tuitic- 
Mountains aro too maturely dissected to offer 
convincing ovidenco of block fauU-mg, althougli 
their topogi-aphy suggests that strueluro ui a 
few places, especially at the head of Tin tie 
Valley. Ilore tho front of tho range makes an 
abrupt turn wostw:ird, squaivly across the 
strike of the rock formations, as if a largo block 
west of tho raujing district had dropped below 
the pivsent level of the valley. Thom is, how- 
ever, structunul ovidenco of faidting north of 
Silver Puss. (See p. 89.) Structural evidence 
of block faulthig corresponding to minor ridges 
is also clearly expoaed ojist of tho quadi-aiio-lo, 
at tho northeast end of Long Ridgo and in the 
adjoining part of the Wasatch MountaiiLs.' 
The existence of thoso faults loaves little doubt 
that tho East Tintie Mount^ULs consist of a 
composite fault block, whose outhnos and iden- 
tity have boon largely obscui-ed by erosion. 
There is abimdunt ovidenco of faulthig within 
tho Tmtic m iuing district, but all tho notable 

'UuKhlto.O.F.Boconnalswuw^intMsimtlioraWiiailchMouiiUiia 



the Mammoth Bluffs, measuring 140 foet fi-om 
top to bottom, aro tho highest. The branch 
fipm^ of tho range as a rulo have smoother siu*- 
faces, owuig to tlie almost complete disinte- 
gration of their outcrops uito talus. (Soe PI. 
VI, A.) The branch ridgo of limestone be- 
tween Mammoth and Eureka is an exception 
to this rulo, and contains Eureka Peak, one of 
tho highest in the district. (Soo P!. IX, A.) 
The topogiaphy south of Ruby Hollow (see 
PI. I), where only volcanic rocks aro exposed, 
is symmetrical, the crest of tho range lymg mid- 
way botwwiu the two principal valleys. Sun- 
rise Peak, which is an exception to tliis rule, 
is a volcanic plug of monzonit^ porphyry and 
owes its relatively high altitude to the rapid 
ei-osion of the loosely textured tuffs that sur- 
round it. Treasure Hill (6,852 feet) owes its 
prominence to a local siliciKcatlou of the rock. 
North of Ruby Hollow tho crest of the range 
shifts westward, continuing along liitiestone 
peaks, and its position is evidently controlled 
by differences in tho weather-resisting proper- 
ties of tho different rocks. 
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,1. SUNRISE PEAK AND VOLCANO RIDGE, LOOKING SOUTH FROM TREASURE HILL. 




B. PANORAMA OF EAST TINTIC MOUNTAINS, LOOKING NORTH FROM TREASURE HILL ACROSS RUBY HOLLOW. 
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A. PANORAMA OF MAMMOTH HILL AND SURROUNDING MOUNTAINS. 

1, Opex property: 2, Emerald property; 3, Grand Central mine; 4, Mdinmoth mini:; 5. Lower Mammoth mine; 6, Gold Chain mine; 7, Black Jack mine- 

8, Black Jack open cut iron minu. 




Ji. PANORAMA OF EUREKA AND VICINITY. 
D--I. _: — n (z^rr^'m't m'-na- ^ T.hlfif Consoildaled mine; 4-, Snow Fl^kt mino; 5, Eurcd-t HIM mine; 5, Tctro tunnvl; 7, Godjva minci 
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Tho limestono is dlsdiiclly thu most rcsistsmt 
to weulUoriiigof nil the rocks in '.lio range iiinlor 
oxisfiug climatic ^-onilUlons, owing to ity gon- 
erJiily niftssivo i.-b;i.r:ictcv ftiul freotloin from ox- 
ct'-ssi\'o jobtting. Tlio quurtzito, ihougli lisirdcr 
ftnd roliitively iiisolublt!, is split into tliid slabs 
by niiniorou-s joints Ihat greatly pi-omoto nic- 
chiminil di5;iutegration. Quartzilo Ridgo, just 
iiorthwost of Robinson, is tlio ingiu;!^t i>iirt of 
the qiiartzitn arfia, but it is only as high hs the 
lowest limesloiie peak just enst of it, Its prom- 
ifionce is in part duo to rapid erosion of the 
narrow shale l>olt Unit bordcre it on the oast. 
Noilh of Eui'iika Guh'h tlic qnnrtzito is limited 
to tho conical, debris-covered foothills, In 
strong contrast tA> Iho higher limestono hills on 
tho enst. (Seo PI. VfU, B.) The position of 
tho quartzite along the edge of tho range may 
iu part account for its more rapid 4lonudution 
hut doo3 not explain its thorough disintegra- 
tion mto small, flnt fragments. 

The igneous rocks have undergone the most 
extensive eroaioUy as wUl be seen by a compari- 
son of the west fronts of the rairge north and 
south of Mammoth Gidch aad by a glance at 
Plates VI, IX, JB, imd X, JR. Exposures of 
moiizonitc are mastly rcduc^id to small rounded 
vcsidutU boiUdei's; those of intrusive rhyolite 
porphyry to small angular frugmeut.3. The 
effusive rocks as a nde have disrnte.gi'atod into 
angidiir fragmouts, or hero and there into 
ronnded boiddera, except along the higher 
divides, where smidl to moderately large cliffs 
are common. (Sco PI. VIII, A.) The contrast 
ill weathering between the igneous rocks and 
limestones is slio^ni southeast of Afamraoth, 
where the low subdued hilLs of mouzonite and 
relatodporphyrystop abruptly against the high, 
steep limestono slopes. (See PI. VI, B.) 

VAXLEYS. 

No special attention has been given to the 
large iutormoiitane vaUej's bordering the range. 
Thoy are typical of Great Basin volleys more or 
l«?s filled with gently sloping alluvial depc^sits 
derived from tho mountains. T!ie central part 
of Goshoii VoUcy is covered with silt and clay 
deposited in the lUiciont Lake Bonneville, of 
which the present Utah Lake ia a remnant. 
These valleys represent the down-faulted por- 
tions of the Great Basin, but theii' original out- 
lines are now obscured by their marginal ailu- 



vial slop(!s. They arc becoming of increasing 
value as farm lands. The farms of Go.-ihcri and 
Klberta are irrigated by water from (.hirnmt 
(or Salt) Creek and a few farms at the mouth of 
Eureka Gidcii liuve been irrif^ated by Wiitcr 
pumped from tlie Ccnt-cnuitU Eureka mine; 
but most of tho farms in Tiiitic, Rush, and 
CV'ih^r valle^^ ai-e dry farms. 

The lateral vtdlo}^ in tho sediincnlary areay 
penetrate the range across tiie strike of the 
strata, but their branches conform with tho 
I strike. Faulting and shattering have takou 
place in both dueetions, and nuiny of the val- 
leys coincide with fault^n. Eureka Gulch is 
approximately pandlel to a strong fault zone 
which was formed and evidently decpl}' eroded 
prior to volcanic eruption. (Soe F\. V, section 
A-A'.) Its present nmisual form, steep and 
iiQiTOW in its lowQi- part and wide open in its 
upper part, is evidently duo to the relatiN'dy 
rapid erosion of the volwmic rocli (Piujkard 
rhyolite). It is separated by a low, flat divide 
from Homausvillc Canyon, which, owing to its 
steeper grade, appears to lia\-e undergone tho 
nrorc rapid erosion, as Ls imheated by a west- 
ward migration of tl\c divide into tho jdluvium 
at the head of Eureka Gidci^. Here the area 
of alluvium slopes gently we-slward, but ita 
cast end has been removed, and on the ea>t 
side of the divide tho underlying rhyolite ledges 
aro exposed along the creek bed. 

Mammoth Gulch also lies along the course of 
a strong prcvolcanic oasUwest fault zone, and 
some of its north branches also follow prcvol- 
canic north-south fauU-s, butsome of thi-.-sirong- 
est faults in tlio district show no relation to 
topograph^', probably because of their pre- 
vailing '^tightness," which is described in the 
section on faulting (pp. 77-S7). Kono of tho 
valleys in the sedimentary area appear to mark 
the position of late faults de\^cloped by the 
Basui Range uplift. The lateral valleys in the 
igneous areas can not be doGuitely associated 
with faidtiug, because of the uniform character 
of the surrounding rock and ita ad\'anced stitge 
of disintegration. The fact that they paral- 
lel the valleys in the sedimentary areas Ls not 
significant, as those vidleys follow prevolcauic 
faults. 

The lateral valley.^, extending well back 
towai'd the crest of the nuige, have afforded 
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the b^t sites for miamg towx^- Eurejca^ ^^^ \ 
VII B) is the most favorably situated, tlie Ions i 
Ld. and relatively gentle t-^- g--^^^ 
direct connection by r,t,lrond ^v.tb the u mUy 
both cost and west of tho .nounfuns. Tho lo v 
divide also, however, affords the prme.pal pu U 
for tho frequent windstornjs that blow fom 
Tlntic VaUey eastward. Mammoth Giilch i. 
wider in proportion to its length, perliaps, o^ uig 
to more rapid erosion in faulted .ud shalie.od 
gt-ouad, which gives it a b^m-like character 
{PI VII, A), ftiid is favored by ita pro.ynuty to 
some of the most aetive mines in tho distnct. 
Tho merging of its lower pait with Tmtic A al- 
ley ia shown in Plato X, A. SUvcr City is situ- 
ated at tlie mouth of Dragon Canyon, where it 
hB3 raUroad facUities and is withm ciwy reach 
of tlie mine* in the igneous area. Owmg to the 
idleness of nearly all these minoa and of tlie 
Tintic smelter, SUver City is not so nourishing 
now &a formerly. The idlcne.«^ of aU the mnuri 
ftround Diamoud account'* for \U total abandon- 
ment, in spite of its good loeatiou. 

DRAIN AGE, 

Tiie area shown in Ph;te I (in pocl^ct) is tribu- 
tary to three drainage basins— Tiatic Valley, 
which in tm-n is tributary to the Sevier Bjisin; 
Goshen Valloy, wliich drains northward iuto 
Great Salt Lake; and Cedar Valley, nn iude- 
iwndcut ch>>cd basin. No perennial streams 
rise iu the East Tintic Mountains, but in spite 
of this fact thoir slopes have been well scnlp- 
turod. lutermittcut streams, which carry 
water only after cloudburstvS, are tho only exist- 
ing agency to account for the sculp tu.ring, but it 
is quit^ possible that much of the erosion was 
accomphshed by former pereimiul mountain 
streams during the humid climate of Lake 
Bonneville lime. 

The nearedt oxistiiig poTeimiiil stream is Cur- 
rant Crcok (also called -Suit Ci'eek), which rises 
cast of Mount Nebo, at the south end of tho 
Wasatch Range. This ercob cuts through tho 
northeast^jrn portion of Long Ridge in a bold 
cftuyou, emerging iuto Gosiauu Valley and enter- 
ing the Tintic quadrangle about 2 roilcs south- 
■ east of Elberto. It follows a winding cour>fe 
northward, leaving tho quadrangle ngain due 
eostof EHx^rtaaud llnaily refvching Utah Lake. 
Currant Creek furnishes the water used for 
ii-rigatiou in the towns of Elborta &nd Goshen. 



TUITIc'inNING DISTRICT, VTXfX. 
, WATER SUPPLY. 



SPRINGS AND WELLS.' 

There are several springs scattered over the 
ciist slope of the range iv< ftir south a^ Diamond 
and on both sides from Diamond southward, 
but their nin-oIT tnwek only a short dlsta,rice 
(100 feet to.a mile or moro) before it is absorbed 
hy tlio soil. These springs occur in or near 
volcanic rock. Tho rock itself is nearly im- 
pervious, but its upper portion has been largely 
disintegrated into loose, porous materials 
which form a considerable surface covormg 
in places thai arc protected from active cro.-iiou. 
Ka-iu -water accumulates in debris-filled dopre.s- 
, sioiia or seeps along gentio slopes upon the 
! underlying imper\nous fresh rock, U) cmejrge 
as a spring where the rock crops out. The 
springs aro small, and their tlow varies dii-octly 
with the rainfall. Silver City is supplied with 
water from a group of these springs. 

The water supphes of Em'eka, the Denver 
& Rio Grande Railroad, lUid several mines are 
obtained from wells and infiltration giiJlerics 
driven iu the surface debris over the rhyoUte 
and iu tho upper decomposed portion of the 
rhyolite itself. Tho wolLs are distributed from 
Em-eka to nomausvUle. Private wells hi 
Eiu-eka range from 15 to 123 feet in depth, and 
such wells, especially the more -western, oi'c 
ia danger of coutamiaation from the city's 
draLnage. Shafts and tuiiueJs var>' in depth 
and length. Tho Em-eka Hill pumping plant, 
in tho Horaausville Basin, wliich supplies 
water for the city of Eureka, is the most exten- 
sive, having a main shaft 265 feet deep, two 
minor shafts, and tunnels said to aggregate 
several thousand feet in length. Ita pump 
is operated at the rate of SO gallons a mmute 
for 5 to 12 houi-s each day, fully 50,000 gallons 
being "withdi'awu on certain days. The uormid. 
water level is reported to bo 20 feet below the 
surface, but the level is easily lowered by 
I pumping or by uuusuaUy dry sea.sons. 
\ Tho water supply of Mammoth and Robinson 
ia obtained IS mdf'3 to iho west, from Cherry 
Cieck, on the wesv slope of tho West Tintic 
Mountains. ■ Tho water ia pumped over the 

" twfidy BbsUtttteil (Vom Ift'.az-r, O. E., firnuDd water in Juab, 
MiUoM, and Iwn cotniliw, Ctttlt: U. S. Gool. Siir.-'iy WttStr-Supply 

Piper 257, pp. si-«, i9n. 
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A. PACKARD PEAK. 




B. FOOTHILLS NORTHWEST OF EUREKA AND HEAD OF TINTIC VALLEY. 
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A EUREKA PEAK FROM WEST 8L0PE OF GODIVA MOUNTAIN. 




fi RHYOUTE HiULS EAST OF GODIVA MOUNTAIN. FROM StOUX PEAK 

Th, ...host conc.shap.d hill, according ,. PUte I. has an Ccva.ion o( 7,X7 feet. 
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crest o{ the ridge aud piped acroris Tinttr Vullcy 
to Robinson, where it is a-guiii pniiipod Lo the 
naiuii^ and dwelliugs of MammoLli. 

GROUND WATER IN MINES. 

Miuiis in the igiicous rocl« huvc Htriicli 
ground-water level ;U dopf-hs^ of A few Uuiidreri 
feeb. jVt the time of the eju'lier Hiirvey (ISOO) 
peraiaiicut water hiul been struck in the mon- 
zcmitic rooks at depths ranging fmm little 
more than 100 feet to over 650 feet. At the 
Joo Bowel's No. 2 mine, on tho northeawt slope 
of Treasure Hill, water w:ui struek 175 feet 
below tho surface (over 6,500 feet above soa 
level); iu the Homestake, on the soiitli slojie 
of lYeosure Hill, 200 feot dowrt (6,320 feat 
or more abore sea level); in the Suubeaiii at 
tho 490-foot level (idtitudo, 6,040 feet) in 
suiHeicnt quantity to prevent profitablo mining 
at greater depths. In tho Iron Duke a con- 
tinuous flow was nie.t a short distance hoJow 
the 100-foot level (altitudo about 6,190 feet), 
■imd at the3o0-foot level (altitude, 5,940 feet) 
wal-er was pumped at tho rate of 4,000 gidlon.s 
a day. In tlio Swansea water was found 
jiist bcJow tho O.jO-foot level (altitudo about 
5j530 feet). ThL-^e deptlis (except the fir^-t 
two) are plotted in figure 2, which also includes 
tho southward projection of the ishaft of the 
Dragon iron mine. The datji. are too meager 
to ^ive a good idea of the relations between 
aiirfuce aud ground water. The shallow depth 
in the Iron Duke shaft, which appeal^ abnormal, 
may bo due to its location at the southeast 
base of a high hiU, nearly in the bed of tlio 
creek that draiua all the mouzonite area to the 
north and ca-st. The didereuce in depth in 
the Swan-Sea and Sunbeam mines agrees well 
with the general slone of tho surface. The 
shaft of the Dragon Liou mine furriishts a 
striking contrast, -lUthough driven in higher 
gi-ouad and reaching a greater depth (1,02^ 
feet) than .the Sunbeam shaft, iUs bottom is 
dry. A vertical drill hole extending 800 feet 
below its bottom is also di"y. The shaft and 
all but tho lowest 4 feet of the drill hole are 
in metamoq)hic Umestone near the raonzouito 
contact. Water has been struck on the 800 
and 1,000 foot levels of the Dragon iron mine, 
south and southeast of the shaft, but this 
cornea from fissures and the rest of thcto levels 



is iiracticEilly dry. Tl\e groiMKl-wat^T sin*face 
in the hmestone, a.-^ shown in the ne.Kt para- 
graph, is \'ery low, and if fissures are present 
in the o^erh'ing porphyry to cfuidnct the 
water down into the linu^tonc, there may he 
a tendency for ground wut^ir to How downward 
toward and into the lime-'^tono and for tiic 
ground-water surface to follow a steep slope 
of nidvuown depth from one rock formation 
into the other. In figure 2 tho normal ground- 
wiitor surface in the monzonlte and porphyry 
i-s .shown by the horizontal long-da-sh line and 
tho sloping surface toward the Dr;igou shaft 
by Uio dotted line, 

Iti the mines iu limestone local water- 
comse-s, clue" to some impervious bed or dike, 
huvo been found nt rather shallow depths.' 
For example, in the May Day mine a watcr- 
coiu-se wiLS tajjpcd along the contact of a de- 
composing porpliyiy dike which has been cut 
at certain places bet^vocn tho 200 tmd 500 foot 
levels, but the lowest workings, including the 
1,100-fout level, are diy. In tho Northern 
S]iy a watercoui'se was struck between tho 800 
and 900 foot levels^ and water now inlands 
knee-deep on the 900-foot le\'el(6,6.30 feet, abovo 
tho aea), below wliich no work has been done. 
The geologic map (PI. IV) shows the proximity 
of tho workings to a small monzonite stock, 
which may account for the local abnormidly 
high water level. In tlie Yankee ruhio a Avater- 
coni^c is tapped at the l,;i00-foot level, where 
the shaft pa-sscs through tho upper contact of a 
black shaly bed; but the water is piped for 700 
feet down and disappears through fractures at 
the bottom of the 2,000-foot shaft (o,0S0 feet 
above sea level and 5S0 foot abovo the Hut 
around Utah Lake). 

Tho great depth of the permanent water 
level Ls shown by the deptKs at which water 
stands in tho only deep mines that have 
reached wal^r level: Gemini, at tho l,650-f()ot 
level ((Utitndo 4,S13 feet); Centomdid Eureka, 
lit a depth of 2,036 feet (altitude about 4,851 
feet); Opex, at a depth of 2,170 feet (altitude 
4,791 feet); Grand Central, at a depth of 2,390 
feet (altitude 4,759 feet); Chief Consolidated, 
at a depth of l,S15 foot (altitudo 4,755 feet). 
The Mammoth mine, 2,362 feet deep (iJtitude 
4,690 feet), ha-s not reached permanent water 
level. 



20 



GEOLOCiV A.VD ORE HEFOSITS 



ELEVATION IN FEE"! 




^ijipu/}\- 






luee^uns 



i 

i 

1 

1^ 




J3/S3tM( 



9ifn(j uoji 



3/t/JVV 



^vSUBfA^ = 




OF TIXTIC >rTNI>'(; PISTRtCT, irTAlI. 

In theKiistTiiitic district' ihoTiulic Stand- 
ard shaft hii-^ pussod fiiroiigli 700 foPt ol* limc- 
stoiiG and fi little shnJe aiid goiie 300 feet 
into tlie underifiag 
f(uartzito (altitude 
ftbout 5.000 feet, or 
500 feet 11 bijve Utah 
Lake)witho'.itstrik- 
in" wat(,;r. -Soma 
sccpa^^L's luiru been 
opened by drift*! 
jiloug tlie contact of 
qiiartzitc -^tl^^ shide 
on tho 1,000-foot 
level and alon^ an 
inclined winze that 
follo-\V3 the contact 
down to and boio\s' 
the l,:JOO-foot level, 
but no pumping is 
necessary. This is 
interesting in view 
of tlio fact that iu 
some of the ranges 
west of the East 
Tintic ^[o^mtains 
springs are found hi 
quai'tzito areas, and 
shtUlow prospects in 
t'artsc areas hare 
struck water, 'llio 
li:uo\\'Ti occu rrenccs 
of ground water in 
thchraisloneandiU 
roJaiious to the to- 
pogriiphy and to the 
level of Utah Lake 
arcsbownin(igurG3. 
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The East Tintic 
Mountains havo the 
scj^iity vegctntion of 
an arid region. In 
genL'ral the laud- a' 
scftpc preseut^i the 
somber duU-gray 
and brown tints of rock iufts.ses and debris more 
or le.-^ obsciii-ed by lows:igobru.sh. Oidy Dtrely 
IS tho monotony varied by the ^r,^,^iin of a tree- 
covered slope or ravine. 
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A. MOUTH OF MAMMOTH GULCH AND TINTIC VALLEY, FROM LOW SPUR SOUTH OF 

HERKIMER SHAFT. 




B. CONTACT OF QUARTZ PORPHYRY AND MONZONITE SOUTHEAST OF ROBINSON. 



cF.NurtAi. c.koi,(.h;io fkatfrks. 
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On ihc liighost peaks and cx,])0SL'd rocky 
])oi?its occur dirfcri'ut specie-^ ol' cactus, ihc 
iiHist common of wliicl.i arc tjic pricldy jjciiiv! 
Opu/itia iiiid Kchinocactvs. TJie mm-o coniiiion 
treo-^ of the higher slopes arc the i)inoti (Pluan 
monoph ijlla) , tlio mountain rnithogany {(krco- 
cxirpu-? hd-ifoliu-ii) , nud the jnnlpev, loeiLUy ciillcd 
cedar (Juuipcru-i^- utahen-a-i,^) . Lo\vw% in tho dry 
rariut's, arc tliickcts of scrubby iiiapli-', espc- 
ciaUy ou the eiistevu slope, niid the aspons Jirc 
found in sheltered spol,s, nioro commonl}'" tho.^c 
wifii a norLhorii exposure, 'flic trees all show, 
in tlieir stunted, gnurlcd, utni fWTstcd tJTjnksj 
the scx'crity of their strugj^lo for existence on 
tbcac barren slopes. In the lower ^-iiUeys the 
siigcbi'ush (ArUrni^w) and rabbit lirusli 
{Jiigiliny'ia) constitute almost the solo vege- 
tation. Grasses occuj" in scattered tufts 
but. arc apparently mosUj;'" dead during the 
siunmcr. In l-lic past tbc East, Tiutic Moun- 
tains luLvc supported' tjudicicut of this seaiit^y 
herbage to iLfford range for cattle, hoi'so:^, 
and s>hcep, Imt Ki''»'^iiiJ? to-day is Jimited to 
occiViional siniJl liords ol cattle and hoi-ses 
along the mountain slopes. 

GEOLOGY. 
GENERAL GEOLOGIC FEATtTEES. 

The Eo-sfc Tintie Range is composed of 
Piileoxoic sedinnuitury and Tertiary igneous 
i-ocks. Tlio sodinicnt-iU'y rocks nro (iiiartzitc, 
over 0,000 feet thick, overlain by 6, ,500 U> 
7,000 feot of limestone, including a siiittll 
aninuiit of shale. Tlio igneous rocks arc in 
part hitruaivti rhyolitc porphyry juitl inop.- 
zoiiito and m part efTusivc rliyolitcs and 
latites or uudcsittva. 

The isolated position of the range permits 
only a general eoiTrlatiou of its foruiatiojis 
vith those of neighbormg ranges, which ulyo 
consist principally of Pal<M)zoic strata. The 
Oipjivrli Range, to the north, and tho Cuuyon 
Range, to the south, scorn closely reJafcd 
sti-ueturully as well as stratigi'apliic-aUy. Tlie 
Oquirrh ilountaius cnmprisc two groat iin- 
symmetric.al anticlnies sepanittid by a syu- 
cline.' Tlio Paleozoic rocks of the Canyon 
Kangc are fohled into several anticlines and 
syiaciines.- T1;g part; of the East TiiUir 

' I^minuns, 8, F., [n Siwirr, J. E-r Eotwomli' p'^JoO" ol lU? Mercur 
BJinJiiK JiMrt'l, Utah: U. 8. 0«dL Survoy Suiopolh Ann. nept, (H. 3 
rt>. 3ao,3i;.i,i3«. 

' l-ixif;Klia, ti. t", \ ^»-l3aR.1b.c»^.^^ In tliu 0.ui>-iin liiuice. WiTwl-cmtral 
Viah; U. S, Ol-.)!. Siinpy Trnf. PuiwWi. pi*. i3-.w, I'JM. 



^^ountflins lyiii^ northwest of tho aren shown 
ill Plato IV' {■A struetnnlly a bmad anticline 
which, in tho minutg disitrict, is paralleled by 
un luisyn-inietricftl syuclmo of northward pitch, 
with a vtTtiral tu' sUglitly overturned west, 
liiub and a gonlly dipping' oast limb. Ex- 
posures tu the south and east are bUeri'uptcd 
an({ largely conctjaled by the extensive masses 
of igneous rocks, but tlio sniuU areas of exjiosed 
strata oast of tlio s-yucluie indicate an anti- 
ilijie bonealh Long Ridge oiul the head of 
(lOsUen V:dley, an<I stiU itnolher aiitielino of 
southward pitch, exposed iu the canyon of 
C'nrraut Ciwik i^ast of the Tlntic (puulnnigle. 
Tho oftst limb of this anticUuo extends in 
lunestoue nhnost to the l)aso ()f Mount Nobo, 
of tho Wasatch Range. To tho we^^t, across 
Tbitic Vtdloy, are exposures of westward- 
dipping quart/'.ite, witli a few iuterealatod 
limestone beds, -which stratigrapbicuUy lio 
above any iif the fovnuitions stutUcd in tlie 
East Tiutic Jlouiitains. Their a^titudc is tliat 
of a soLithwest-cru contiiniation of the west 
luirb of the anticline nortliwest of th<! Tiutic 
tiundmngrln; Init It must bo I'cnuimberod tliat 
nno or more largo fault-s may sepnnUe tlie two 
ptn«x^. Tbc. Pflltytzoic i-ock-s arc thus consid- 
erably folded, and the axes of the folds have 
n general noiilierly trend. This alnicture 
ai)peni's i.o extend licyond liio Ibiiits of the 
range, both longitudinally and tninsversidy.. 
Faulrhig Lu the district \^ very previUe-nt, 
though its Halation to Oi-eat Basui topography, 
as sbo-ftii on page 16, is not very clear, pwuig 
to tho advanced stage of erosion. Most of the 
obsciTcd faults have nearly east or northeast 
trends; ti few trend uorthwcBt. Tiiey rangu 
ill horiw)ntal displacement from less tban a 
foot to as niucli as 500 feet — in one fault 2,000 
foot,. Faults of northcrl)' trend ari' be-licvcd 
to bo abundant aho, l)ut. as a nde their 
existeJH',5 ciiii not be proved on tlic sm-faco 
because t-hoy parallel tho strilco of tiuj rock. 
Kissuriug and faulting obviously took place 
at scvcnil different riuies from the post- 
.lura.'Jsic Tiplift to the later part of lluj Tertiary 
period, and many faults arc older and othera 
yoTingor than tlui period of ore deposition. 
The systems of faults, both the older and 
the yoiuiger, dctonnhie the location of cer- 
tain ore bodies p l)ut several of the more 
prcniouuccd faults have no conncc'tioa wi, h 
tiir, trends of i>re shoots Ttnd had ovidontly 
bwonio hoalcd Ixifoixi oro deposition bcgtui. 
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OKOLOGV A>-D ORK D.P03I1^ OF TISTIC MlN.NT. DISTHICT, 
SEDtMENTABY BOCKS. 
FORMATIONS RKPHESENTKD. 

The Fcdiniwitary rocks oxposod within the 



UTAH. 



TxiiUii quadraiiirlo h.i\-e u total tbickno^s of nt 
lea^t 13,000 feet. They birludo Cambriaji, 
Ordo\nci.m,DcvoniaM,iUKlMjxsissii>piausU-iita, 

uUfin-apto.1 by uncoriformilios »L tho top ot 
tho Cumbriiin :ind ni the Huso. <»f f.lio MissLs- 
sippiiiii. The formntioi^s shown in PIat« 1 
lire popaintod ho far ns poasiijlo nrcordiiig to 
pulfii'titolopfie oviflciiw; in [^huo IV they ni<^ 
aulHlividcd ehiofly on lithoh)i,nc jjroundH, to 
olucidntc goulogic atiiicLuro aiid show where 
iiwfssiiry, t,lio strati^icraphic vi'latioiis liotwccii 
tho rutiunv rocks of ditTtUviit miiu-s. 



in thnt report show spronteen rccogoized mem- 
here hi tho " RurcUa hmrstotic '■ aud Lwouty-su 
hi the "Godivii," but appiirciitly no use was 
made of thoni rts an nitl in working out the 
st.ructuic. In the present roport only fifteen 
dirisioHS of tlio hrucstono nrc rcmgiihcd, and 
Uipse have been distingiiisluHl on litJioIogic 
gi-oui:ils liirgi-dy bcuuso of tltoir usefidnosa in 
solving sfi-uotural mid atnUif^rapliic problems. 
Sonip, hko the Daginar lirncstoue, are of uni- 
form cbiiraotcr and shiirply oontnisted with all 
the otiier forma tious; othei-s, hke the Teutonic 
hracstoiio, arc highJy viiriablo luid can not be 
rccogiiizod imlU tho bedii above and below 
have hci^n dot/^rmiuefl, Beds of sin^ilar litho- 



logic charnctor occur at mtuiy differt-iit hori- 
hi the earlier report rtil the, pivsenlroc.ogniz<_Hl ] zons, and failure, to rceognize this and other 
forinal-ioiis from tho niiddleof tlieOphir forma- facts has led to tJie loention of some cbiiins in 
titJii to the liip of ihv Opohoiigfl. Umestono I geologieully unpnimisiiig places. For tho^ 
wore included in the "JIammoth" or "Eureka reasons the ditTcrent limostouc formations nro 

described in considerable detail and arc dis- 
tiugiiished on tho mnp {PI. TV). CoiTolations 
uf tiiQ names used in tho earhiM' iind preseut 
roporls lire sliown in tlio following (al>lo. 



limiytfine/' uTid all fruiu the base of iho 
Bhirbell dolomite to the top of the I'iiie 
Ciuiyun hnu-stono v.'ere imduded in th.o "Go- 
diva limesldiio." Measured sections presented 



Vorrehilmi af/omaium nam^s vxai in Tinlie rtporti. 
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Barliprwptirt. 



rrey?nl report, 



Nuina. 



in feci. 



BuiDbug fiviitatioo. 



Gndivn Hincstoue. 



Jliimmolh {or 
lima»U>iui,b 



Eureka) 



250 



2.216 



Nnnte. 



e3,970 



'fiiuiii (or Rol)inDoR)qiinrl/.> 



7,000 



ntuabug fornmtiOD. 



Tlticknoi=!i 
ill Icct. 



2iM 



Pino Ciinvon limisionc ' 1 , 000 

Gardtitir doloinil<> ', 43&-700 



Yitturiaquanzite, 



rinyon PeakliuiMloneo, 



Bluebell dolomiio. 



0|iolioDjjii liiiif>Htrine 

Ali:x hiftt^touc, iuoliulifig 
Eiininild dolomite member. 



0-li5 



Age^ 



0-150 



70O-1, 100 



825+ 
670 



Opex dalomito. 



tcIeCanynn dolomile. 
Bluebird doloimu-. . , 
Hwkiriier iiiui^atooo . . 
Da(.'iiiiir lim«wion.> .... 
TmuUjIUc Uinuel'int. . . . 



^UO 



510 
175-200 

)00 
&50 



Opltir fonniLiJcD . 



309 



Tinlir qtmrtzite I 8 00()-4- 



Uppiir SUariffiippiaii. 



Lower iLisaisBippian. 
1'Dconformil.v. 



Upper (7) Devoniaa. 



Uppei to flower Ordovlclaa. 



Ltjwei" Ordovif ian . 
Unconformity. 



Upper (?) Cambrian. 




\tidd1e Cariikrian. 



Lower Cimbiian ; niay po<«ibly 
iodud^i 9oine prQ-t'tunhrian. 

llmiKtoOK. No 



not recoprfi*! 
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TINTIC QUABTZITE (LOWER CASIBRIAJf). 

DISTKIHimON. 

The Tintic quarlzite i-s ihc lowest t'oniiatioii 
of tlie stratij^aplue scries. It foriiB Quitrtzite 
Rklgo aad cxlenHs fnim tiiaL ridge ia a uovth- 
nortliwostorly direction boyoud the norlliwrst 
corner of llie quadninglo. (So-t^ Fls. I aud II.) 
Its dip, averaging about vortical nii Quartzite 
Kiii^'o (sec PLs. IV mul V), ia stoop to tbo cast 
novtli of Eureka Gulch aad gradually flattens 
northwostwnrd, ciossing an luiticliaal uxis jind 
changing; to west boyoiid the. limits of thoquad- 
r^u^gl^^ South of Mnmmoth Gideh thi^ foi ruc- 
tion is roprescuted by ruiuieruiiri iuelnsioiis In 
ihe nuinzDuit'C nnd by sniftU isolated ureas 
ciuerging tlu'ougli the hiva JIom-s jieurly to (he 
soiitli boiiudrtry of the quadrnnglc. It is also 
oxpiwcd ui a lovi" plaw-s on Long Kidge, south 
of OnsliPll Valley. 

There is a small area of qnnrtzite emerging 
tlu'ougli I'hyoliLe about 2 niiles southeast, of 
HomansviUe. Qniirtzite- hius also been struck 
tlu'cc-fourtlis of ;i mile farther south, in the 
Tmtie Standard shaft, where it cxteuds fi-oui 
the 70()-fooi to and beyond the KOOtVfoot 
level. The rock hi both these places lias ijic 
lithologic character and straligraphic relations 
of the Tintic fiuarlzit<\ At the rciud fork lA 
mjles south of the Tintic Standard shaft a 
considerable thickness of Uie Ophir fonnalion 
indieales that the Tintic quartzite must lie a 
short distance below the surface, as suggested 
ill Pluto II, sections A-A' and B-B\ 

The quartzito inelnsion jnst north of the 
Martlia Wivsliington shaft (sec PI. IV) can not 
bo delinitely correlated. It may be equivalent 
to the small qufirtzite beds in met amorphic 
limestone south of the Lower Mnminoth nihie, 
with wliic'h it is in line, or may he regarded as 
a block of iho Tintic ([nartzite. In tho latter 
cuae it is necessary to iLssiumo that the block 
■Wa3 carried up by the ascending moozoiiite 
niagnui a vertical distance of about 2,000 feet, 
or tiiiit it is a renuiant of a large mass first 
upfaultcti and later invaded by the monzonil,c. 

J.rPaOLOQV. 

'V\\o Tintic (juartzilo ih best exposed on 
Qnarlzite Ridge, betv.^ecn Eiu-oka and Mam- 
moth gulches. The typical rock is grayish wiiito 
to very pale pink, has a ftno, ovon grain, and is 
composed almost wlioll}'' of quartz. Imhca- 
iions of bodding aro in many places absent, 



owing to it.-^ imiforni purity mid in part lo oxces- 
sivo jointing. It is thoroughly broken up by 
three or moro systems tif vortical shcot joints 
wliieh havo divided the rock into thin slabs 
fnmi iin inch or so to 2 ()r ;i feet in thickness. 
Thveo jiystems iiro recognized — (1) strike N. 
70" E.. dip 55^ N. to 00° and 55^ S., somewhat 
slickcnsidotl; (2) strike N. 10'' E.. dip TS"" to 
S0° E, ; (3) a flat system dipping about par- 
allel to tbo gonorol suii'ai-o of the rirlgo crest. 

Tliero are a few variations from iho typo 
ilescrih(!d above. Sovoral thhi conglomerate 
beds are found throughout the foimation and 
aro wvW exposed in tho lower porliou along tlin 
cnl3 of tho Denver (ic Rio Grandcv KaUroad. 
The ptddiUvi aro "tt'oU roundedj rangix in dianietor 
from k^s than ontv-fourlh of an inch to I or 2 
inches, and consist mostly of v<un quartz, 
though a few of quarlzilo wero found. Crush 
breccia i.^ nlso occnsionallv found along fnic- 
ture or fault /.oncji. Its I'ragmont.s, in contrast 
to tho conglomerate pebbles, aro sharjjly angu- 
lar and aro conionted by pnlc-l>ro\\Tiish, rather 
ai'gillocoous anil jjorhaps calearoous nnitorial. 
In thooasternmcwt railroad cut in the Icwer part 
of Eureka Gulcli (west of the aroa sho\\ni on 
PI. IV) lliero aro a fow nLsignilic-init slato bands 
from 2 inches to 1 foot thick. Eastward from 
tho summit of the ridgo a. few pobbly beds 
occur, but tho rock as a whole gradually be- 
comes shghlly ai^illaceous and thin boddod, 
with finely micaccMius partings, one-fourth of 
an inch apart. On the weathered surface it 
develops fine yellow to iiisty bands or spots, 
which may bo concealed by a black hchen 
growth. This variety pas3e.s conlVirmably but 
abruptly into tho brown-weathering, h^ldy 
micaceous and calcareous sandstone and shale 
at the hnso of tho Ophir foniialioii. Ripple 
marks wore found on a fow talus fragments 
along tho southeast slope of Quartzit« Kldgc, 
and some oxi^osm'cs, espocially those in the lowor 
part of Mammotii Gulch, showed cn>ss-bodding 
ill piactw. Cross-bcdtling is also cons]>icuous in 
tliO'/oneof thin intercalatod eonglomeruto bods 
in the upper part of tho formation on Quartz- 
ilo Ridgo. 

In tho tiorthwest comer of tho Tintic qnad- 
ranglo, ahnig tho range front near tho 7,000- 
foot contour, the quartzito includes a bod with 
daric red dish -browii weathered surface that has 
been traced for about 2 milos along tho strike. 
Its thickness whore seen is 8 to 10 feet but ia 
said to bo considerably greater in places. The 



ll 



24 



GEOLOGY ASD OIUC OICPOSITS OF 



I 






n fou- prospo^X hoUs. Is grr.u An umayss 
siiuu^ it to contain 6:'...-^ por cent b;0, o.l p^r 

emit iUA, «^J l^--* i*^''' ^''''^ ^•"" y" " ^ 
ccm,I-V>;0,). Uh>isbco.«iiiist,«konlor«go5.nn 

or • ■ iron outcn.p " and has l>oen cdUnl a r..s>uve 

voin, hut it isn'ally a t'<"l i" »l^^' -|"=^rUiio cm- 

taining HTi unusually l.u<:o amount of mm. 

Tho following iiiicroH.-op'c closoniiliort of tiio 
typiciil quftity-ito is quutnMl from the import (.: 
ilio (mi'lier survey; ' 

^Uc^^.-■opi^; studios show it Ui b..- n very puro riiiartzito, 
thoimliviii.ial erain.. bang w.-Il roundci an.l fur Ihe n..Kt 
mrl of very iiniforra size. OctuunuDally tlm tTfi'^ '^^e 
lomett-hat <ini%ra oul, aa ii' by dynaniii: mt.'laiuoTin«m. 
rormdfd gniins an not common, (hough present. Ir. mre 
au«M Uic qiiarU sho»-s crystal fuctrts. In taauy of ihi' 
gniins of quartz are fsirtu-Ios of a dark material so ayiiri.lant 
aa to givu thti in.linairnl KTuiiw ti very dirty o|JiK>iirancc. 
Tho nature of (hts; p;irUr-Uw coilJd nut bo di'tvonincd. 
Tlio lovis-i. beda of quartaitc coiiUia .-*wio feldspar and 
niii^-oviH wJiile acaiiy all oC Ihe bodd show zircon ciifl 
nttilc la one sporimwi fmiii 'he- u:"i*r portion tjrcenijdi 
gmini were til)A'rvc(l liiijpL-d with browTl on llic rim, wliioh 
Wc-Ri t hititffht U> bo MlaHcomlf-', 

Tim qxuulziUi inclusions iu llio moit/jonilo 
tiro ill pluce>i rnvhor oourso gmiiUMl, itnd one or 
two of thorn contain jiiiiniot:* riioiiii; houio of the 
bmliliiif; pliuHw, Tho gonoral chnnifUir of 
IJKHe inclusions indicuttw that thoy tiro tlie 
somowhat motumorphosod c-quiviilout of Iho 
npptir LlhIs on Qnt^r^xito Kidt^r. Sovoral pros- 
pect holes havo bc«ti ojMJncd in or ulong these 
intru.sions, iis if pro^pecl^i-ft had inist-uken 
qu»rtzito for vein quurtz. Tliotwo mnyrHtidily 
ho distinj;;uishftd, the quurty.ito hnviug a JLs- 
thictly p-unular struetnrc and tho vein qunrlx 
being oithor ma.**iro or (iliod with small crys- 
lollinopockeU and stained with iron oxide. 

CIHIRXLATION. 

Although tlio Tiniic <iimri7ato itself contains 
no fossils, iLs tldekiies^ and jjosition at the 
base of tho stiiitigriiphio scries pluce beyond 
reasonable doubt its cormbUion \vi(h tlic Cara- 
briar. qnarlzitc^ of the Wauntch. Oquirrh, and 
House ranges in Utub, at U'tist in part. At 
Ophir Canyon, in the Oquirrh Mountains, 
Emmous= foiuu! Lower Oniubrinu (ri]obites 
ill the overiyinif diiy sht(-i. h\ the Konso 
Kan-e and in Bin; Colt.onw<.od Oatiyoi. of the 
W».s-ack Mount ains, Waleott " also found 

'U.f. (V«.l S«rv,;f ^■inL^«rnlh Am, RtI., pi. 3, p. r.*: Lsff) 



TINTIC JIINlNi^i DISTRICT, UTAH. 

Lower Cambrian foA^ils in the ovcrlynng aiiale. 
In the Biaekflniith Ko|-k seetioM of the northern 
Wj^jtteh >fouaiinMs, Wnlcott found the same 
Utliolo^ic sequence but. obtained Middle Cum- 
brian fnssils ill tlie overlying siuile. llirldlo 
Cambrian fossils wore found by Wcelis in the 
overlying shale at Tintic. TliQ upper part of 
the Tiiitic quartzite, tliercforo, may bo Middle 
Cambrian, but itsintenncdiategeograidiic posi- 
tion between tho House aufl Wasatch raui^es 
suggests that it:i tup is very near the botnidaiy 
between Middle uiid Ijower Cambrian. 

TliG exposed tliicknesa of the Tliit-io quartzite 
is estimated to be moro than 0,000 feet. Its 
base is not exposed. Tliia jji-cat tluckness is 
in marked coottast to tho tliickness of Cam- 
'bri::u quarlzite olsewhei'c. in Utah. Iu the 
Big Cottonwood Canyon section, in the Wa- 
sateh Mountains, ihcre is u series of qnartzites, 
' shales, and conglomerates with a total estimated 
tlijekncss t.f 12,000 feet; hut Blaclovelder* 
baa recently showni that only the upper 1.500 
feet or so of ndat-ively pure quarl7-ito is of 
undoubted Cambntin ago, and that it rests 
unconformttbly upon the remainder, which he 
assigns to the Algonlcian. Hinizo* has more 
recently stated tliat the quart-zitc above the 
imeon/oruiity is oidy 7(X) feet thick. In the 
Onaqui and Simpson moimtains, west of tho 
Tintic district, the same general rclutioua — 
pure quartzite with intercalated beds of hmc- 
stone carrying Cauibriun fossils above a great 
Ihickncsa of relatively impure (luartxitc, sliiilc, 
'nnd congl()morf,te— were fourul by tiio wTitcr 
during reeoiinaissance work hi 1012. No 
special search for an unconformity and no 
measurements of thickness wore nuido. Tho 
upper quartaiie, however, is far from being 
6,000 feet thick. Tho quartzite exposed in the 
House Range and Blacksmith Fork sections is 
less than 1,500 feet thick und has uo features 
suggestive of pro-Cambrian nge. In com- 
parison with tliis evidence, tho Tintic quartxilc 
is of suaicientty uniform chavactev and purely 
quarlzoae composition ti> be chissed as Cam- 
brian, but it is much thicker than any com- 
pletely exposed sections of Carabriuii cjuartzite. 
It therefore remains im open quoatiou whothef 
the deposition of saufly sediment in Cambrian 
time began earlier and progr(.«aed much more 
rapidly or longer in the l^utio district than 

' Rl^^'iWcr, Kliot, X«w U^ht <m tb.' tSrtil.JKT or tlin Wos-iieli Moim- 
Tm \" V^- ^- •^'''''•■' °'^"- *■■"'■ *"' I'"- -^-^^ '"3, lOlO. 
mia, Ptah: New Yori< Am,], sd. AnimU. vol. Zi, p, 103, 1013. 
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elsewliero, or whether ft oonshJoraliU'! ivirt of 
the Tiiilic quartzite iiv rciility inchidoa slnila 
of pre-Ciiinbrian age, mucli mnre jvurrly qunrlz- 
opo lihtui in other sections and es.so;iti«Uy ii!on- 
ticfil in charnctor with the Gunihciaa qwnrtzito, 
A search for oviileiiec ot' au uucouforniity iu 
the quartzite was miulo on Quartzite Ridj^e^- 
but nothing was loiuid CNce^t a I'ow smnU, 
well-rounded quiirtzite pebhles. 



tho cnntiiet is iibscured by hthis, lias in plnees 
devoIi)))eti rehiliims^iijj^estive of uuconfonnitv. 
nds is especially tnui luvrth of Eureka Gulch, 
whetti much of the slate, in two phiecj* all ot it, 
btva born ovorridden by tho quaiizile, or the 
slalc has been locally tliitnic<l and bulged by 
compression during folding. 

Its eontinnation soutii of Mammoth Gulch 
is represented by u fe-\.' hlocks of black horufcla 
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FiQORB 4,— SdCtfima showing varhHona lu stroui of tho Ophir forinallB.i. 



OPHia FORMATION (MIDDLE CAMBRIANJ. 
DiSTlUimtiaS. 

Tho Opbu: fonuatiou, uanied from the mining 
town in the Oquirrh Mountains,' comprises 
slialcs, or locally slates, and li. little sandstone, 
\^'ith intercalated beils of limestone. It crops 
out as a naiTow hand aloijg tho oast side of the 
Tiutic fiuartzito. Its relations to Llie quartzite, 
whei-o the contact is well exposed, are conform- 
able; but compressioa faiiltuig, especially where 

' TliuuttTsioOlititTfrmiiailiin ha:! NwniiinpfHeinpc U.S. Butler, rt( the 
Unltfr.l Suites OiyjlucliLJl Survey, ft Ita whom tU^wrlttir '.flis v*x.-ia£("i 
during Lijliucd isuin a »tinlyof Llie grtdcpo^itsof TUJi. ThefcriTia. 
lion is iip-irlj-niprywhtfreprficD tint hi- rwia^^flf-^'ftralCt Ah, overlying 
Ihe quarUite, an I at Ophir i'; not ati'.y voll cxpnutJ aai ul i'i.-ruiitelj 
di-ttnnlnel m;n liu( iiniI,'>oolcaiu«l-!('nihlBM»noinipimp"rtaiity'. Tlio 

lower jnlrt ol l)li> /omiutioD Al Ophlr U LaWOt CombtilUl, tb<? IDUtHillil^ 

UltMle CnnifaniLO. 



ixLclutled ia tbo monzonito. East of Knight- 
ville the 700-foot levid of the Tintic Stan<lai-d 
niine shows about 20 feet of decomposed shale 
overlying quartzite. A considerable tbitline^s 
of shale in tho slratigraphic position of the 
Ophir was noted by the roft<l fork to the south 
of tlie Tintic Standard. It is also exposed 
cast of tho Tiiilic quartaito ou Long Ridg«. 

The tbickjiessof tho Ophir formation appoars 
t-o vary gi-eatly, us shown on th« nnip (PI. IV) 
and in figiiro 4, The ftpparent variations iiro 
duo partly to faultuig, most of iho faults on tho 
quartzite contact not oxteiuUng across the 
slates into tho iiitercalaterl or ovciiving luno- 
stono hods. Variations in true thielcncss are 



r AND ORC DEPOSITS OF TINTiC MINING DISTmCT, UT.Ui. 

The shalo or slnte is liko Uio suiulstoue in 
color, is ill niimy phcvs Uaiult'd, iind for ihe 
niost pnrL shows marked olcurago or fissile 
sinicluro in ono or two directions, usually at 
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also stown m fig^ure 4, section 2 of wbk-h shows 
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the uppor slate bed piJiching out. Tliis m:iy 
bo au ori-inal fcatnro or a scaindary local ofTocl 

The iiiiirko.d 
bctwcMtri the lower slato in< 
ojul ■> Is hIso thought to lie due largely to fault- 
tng or compression, that in section I heutg 
uithor overridden hy the <iuiirLzito or nioix> 
prohi^hly loenUy thiimod. ..hmt noilh of the 
lorniity of section 2, wliero tho qiuirtzito con- 
la,f:l 8wuigs westward, a ])ros[>cet. Uolo has 
oxp(to»ui slalc ovciTidchm hy (lUiirtzile. The 
shito is also overndden at ii place iialf a JiiUc 
north of Kuroka Guleh and at ainKher ])Iace 
Ihrei'-fifths of II mile north of Joiui} Limi Can- 
yon (PI. I). At. the latltT pluci- a prospw-t 
ihiift aurt= in quartzitc, but its dual p shows 
nidy thoUnic:iitonc that overlies tite slinlc, prov- 
ing thnt the ipiart'/.it* I'onns oidy a voiioer over 
shal« <nd liinest^Jiie. No ex'uet eomp.-\rison can 
he niodo hotweoii st'ciitnis '2 and 'S, on opposite 
sides of Eureka Gulch, hut it seoius prohid>h* 
that the upper Hlnt^^I)ed3 iii<>ueh mark thesanie 
horizon. Sections 3 and 4 and prohnldy sec- 
tion G are definitely correlated by u tliin h\it 
persistent bed ot' gray massive liiueatonc 
uiidevlyLiig tho upper alate, and tho lenshko 
chnracter of the difforcnt lower nionibei's is 
strongly s\iggestt'ih Tho thioknesw ijv those 
sections, measured from the top of tho Thitic 
(piartzilo to t'lio topof the ni>[)ennosti:hitv. bed, 
i» in sect ion l,35;j feet; section 2, -100 ft^et; sec- 
tion :\, 47;j feet; section -1, 40:J fo-t; s^ietion 5, 
150 iwl {+''(); section 0, 'iU? feel. A seciion 
measured on Long Ridge, oast of Goylieu Valley, 
diivuig the earlier survey gave slate 450 feet, 
quart/it<t 0)rnwji micaceous aaudstoiio 150 
feet, slnle 200 feet; total, SOO f<..ot. Wiother 
this nie;!sui\^ment denotes appai-eiit or true 
thiduu'ss is not. stated. 'Y\\o liniiis of the for- 
matiiMi arc arhitrary, as the ijif<vrcalatcd Uiue- 
stono hvxh are identical m eliitraeter with beds 
m tho Overlying Tcutnnte Imu-sitone, 

I-lTlKiUHiV. 

The hnpuro sandstiuio near nr at Uio base of 
tho fomuition is grveu whmf. fresh to dark 
brown wlioi-o weathered, ihio grained, thhi 

!>eddexl to slaty, and more or less slickeitsided 
lu the direction of the strik.v ,Us <-onspicuous 
niuu-nds are tpiartz and forruguuma caieite, and 
tho weathering out of cnh-ureous cement from 
among the gi'^^his loaves fnie rust specks of 
ferric oxide. 



or oo„,p^,o. 2: „.:;;;;rof :!:^' t ' >- an,ics .o t.. i.»u^,. u i. ^^y to 

markedly micaceous. Tho handmg is due lo 
altorciation in t.ho composition of successive hiy- 
eis. the chief notitoablo differeiute heuig iji the 
amount of ealoinnt carbonate. Somo layor.s 
nro ahuost free from it; othei-s are nearly p\a-o 
hniostoue and are niuiiaturo intercalated 
hme-stoue beds. 

Tho lunestonc beds are dark bluish f^my to 
noflrfy bhick, banded or mot.tled with Usdit 
brown, mid h\ places weather to a red residual 
soil. It appeai-s from tho prpsenee of |>rospe.et 
holo3 in red gTomul (bat tho color may have 
hewn mist^iken for minerali/fition, but the color 
is duo to red clay ijiipurity or perhaps to anmo 
iron carbonate in tho original rock and is mifc 
necessarily coiuieotcd with ore deposition. 
Most beds are more or loss disthictly banded. 
Some are vory strongly striiX'd or ribboned, the 
ribbons ranging from ono-oightb of an nich to 
2 iiu'hes iu thickness; otlicrs are so thhily 
banded as to beeomo shaly and to give a mot- 
tled effect on weathering. S»'>n\e thin beds or 
lenses are spotted on t.ho weathered surfaco 
with dark concretionary growths ranguig from 
i^-auis the size of a i>ca down to typical oolitic 
particles. These spotted hc^Js espiicially tt^nd 
to weather to a red residmvl soil. ^Ul tho sjH'ci- 
mens testeil efTervesee briskly when touched 
with dilute hydrochloric aeid. Tho dark- 
weathering bands H,re somewhat carbonaceous 
but as a rule less argillaceous than tho liglU- 
weatliering bands, which arc iiighly argillaceous 
or arenaceous. 

CXUtRELATIiW. 

The Middle Cambrian ago of most, of tho 
Opliir furniation in the Ti/il.ie district was 
proved ui 1005 by Weeks, who found Oholus 
rru-cQniuVA ami 0. rotmHatus 300 feet above tho 
top of the Tmtlc quartzite. Walcott,' on the 
evidence of these fossils, doubtfully correlates 
the ?lfttcs at Tuitic vith l.he Howell formation 
(chiefly impure limestone but including a shaJc 
member at its base) of the House Kango sec- 
tion, about SO miles to the southwest^ The 
Hthologie variations of tho formation m tho 
Tintic region, however, W(mld correlate tho 
thick lower ahale with the Piochc shale (Lower 

, ' Y4"T'^"^' ''■•C^^="l'riimUnL,-.iiinr..,i,,:ir.a,CiM[. 6ur.'.y M^a, Si", 
pp. u^, I'M, 1912. VdmUs ( No. J^ 0) (outKl by V. B, W(-.H nm. 



Cunibrlnn)' of tlic Houwo Kiin^e, I'hi* nudiily 
limestone nipinher with the Ltiiij;?ston ( ?) !im*.v 
.stone, nnd Iho uppemiosl shiilo with liu- shulo 
111 tiic baso of tho Howoil formation. Tlio con- 
trast between paleontologic and iiiholo[^'ic evi- 
(.loncc is shown in the correlation lal)lc opposite 
pa^r 31 and hi fi^'ure 5. The heils in tlic 
Tintic^ roigioii have not >ot yioUled fossils li^- 
which they mny ho corrolalcd with tho Black- 
smith Fork soolion of northeastcru Utah,' but 
litholnjrically, aa well ny sfratigruptiicnUv, thoy 
nrei approxinialely oquivalonl to ihe Laupslon 
IJuii.'stono and Ihe lower part of iho Ute hine- 
stono. WalroU also regards the- formntion pro- 
visionally, on paloonlolojjic evidence., usrquivjr- 
Iciil to the shale and limestone 100 to '.V2o feet 
aimvo ibc J^wcr Cambrian quart/.ito in llm 
Bij; Cottonwood Canyon soclion of lh« Waf^alch 
Muuritair.8. The Imvti^t lOOfcot of the sUle in 
liieTiiitic district may bo, hke tlie lower Ited^ at 
t.helypciocftJily.Ophir.of UmorCambriiiii nji&. 

TEOTOinC IX1I£ST0N£ (MIDDLE CAUBRfAK;. 

The T«'n tonic limestone, iifiuied t'roui Teu- 
tonic Ridge, is in fact an upward coiiliiniatioii 
of tho limestone nionibci's of the. Ophir forma- 
tion and is well exposed from the lo-*vn ol 
Robiiiaon, in Ihe lowev part of Jhimmoth 
Giilch, nort.h\\'ard except where, it. is overlain by 
a short ann of rbyoLte west, of Packard Peak. 
It is also exposed sout-h of the roral fork east, 
of Burri^ton Canyon (Ph TV) and presumably 
on Long Kidge. The followmg-seelions show 
its tliicluie^s as well ns its varirttious and re- 
semblance to the limestouo meraboi's of ibo 
Ophii-: 

S^Uons of Ti.iitonie iimntone. 

l- Saddlo «»>: (•rOuurlzilv Rldxo. 

[A PoniI'>'; illiiB otwcU-OT 1 d[ Ophir formiklinii. ISco ds- ^.}| 

Vvt. 

a. Hark umy finely ban'iod ai-KiIl--u:cous Umeslonc, 
cnisH-beiMed in upper part, weatherini; liylil 

(tray. ill 

4. Dark-lilue liuiffltone with coao'Joss vpinicts ... 77 

3. I'rtiilllirecrii^ 30 

*J, Onrl! bluish ^rav limcatoiio with couiii.lc>ii vciu- 

let* .' 170 

1. Dark hliiisU-gray limwloae, thinly l»otJ(J(.Hl, rib- 
houcfi, or luctllt'd with bands or ditiaU blotclics 
of yclIowLsh-browQaigillaccQuaDiaCeriBl I7j> 

506 

I t,. D, Burlli>E (Cfiniv1aC*<rf. giincy Mik. DuU. 2, Of-d. »r. 17, pp. 
ia>-1iJ, ISU> bfU rtw-OOy .Uscttswl tlw 8j[« ftiHl -Jiloiit o( Lho rioriiii 
sl'ilo iuiU mulnUlnptJ llwi In Lh* Hfflite. Or|\rtrrh, nc I (vnlrel Wif-»ldi 
nuviinuliij lii lower iro Wt la LowW Cambmii imd Iho r«inni[iii'r 
Mkilrlln t?*itnhriiui. It is p.rt-ihlc Uial ihe lower i-M Iwt o( (1lf OlAlf 
forin.itli:ii, wliich U nonfi.'s-^llllcr'TiL-;, mivy hn Loi«*r Camlirtia. 

» W.ilL-nii, C. P., op.clt.,iii]. 1-;S-1J3. 
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~. 8pur northwFd at Duinxur nhHri. 
lApuiiUiKi&ni'not'kvtlit.i i ai I'piiir (•;[iuittliirL,| 

7- San)i<Q9 No, S hixcHJiiou 1 

6 t)ark-hIiio niolTled sbuly pr tliiii-lKwttKxl liui.-l-iii:^+ 
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8- Iaiir-wIoho like Xo. n iu .-'<'e1i(Hi I. \\('uilicrini,' 
lii^htgny... ^--i 

4. Darfc-bliiL-hlane^tonovriihlijilit-brnwiiislibiUKlM. S7 

3. MoUlcii chilly liiiiitiUiuo 2S 

2. D.;rk-!jltiiKli Umof'loiiowitli d;irk »pf^\»aiyxnii jwa 

on weiilln'ix'it Biiruu e (M 

I. D;irk-t>liic liuinslcno ;itroni.ly Btripcii with yrl- 

I<>wi«h -brown baiuLt {jj 

Tlie spotted (pi-solitie) variety (Xo. 2 of sec- 
lion '2) is cspetiaUy charaeteristic north of 
Eureka Gulch, where if forms tliin lenses or 
beds. I-Vom Jenny Lind Canyon northward it' 
is considerably siiiciiied m places and leaver & 
reddisii soil or. w^ealhevmg. The mottled shaly 
and Ihin-bedded dark-liliio varieties nro j>cr- 
ha[w the most eonspieuons. fii plucks thcslial^' 
blotclies or bauds, usually yellowish browj*., 
have weathered pink or red, an<i tho rock is 
idemieal iu appearuneo with parts nf lIu- Her- 
kimer and Opohonga limestono. Whoro fault- 
iiig has ofTsot the dilTerent l)e(ls, as ii(a-th of 
Em'ekii Gnlch, llieso elo^o n^Sfmldanci.*i may 
easily cause confusion in tho straligrai)liy. It 
is otdy by locat.ion t)f tho Dagnuir lioiestoiio 
and the top shalo member of tho Ophir fonoii- 
tioQ that the mottled sbnly variety of tiie uilor- 
veuiiig Teutonic limestone ean be uecmatcly 
detemiined. A thin, veiy fine grained silici'oiis 
b<'d was noted north of Jenny Lind Canyon just 
south of the rhyolite eonfacl. Tlio Tcnlonir, 
lin)estoiie has not j'^et yielded any fossils but 
lies between known Middle Cambrian beds. 

DAOUAK LIIiIESTONZ: ^MIDnLE OAMBRIAK). 

Tho argillaceous Dagmiir limestone, named 
from the Dagtnnr mine, extends, witJi hitor- 
ruptions by numerous faults, from Mammoth 
Cfulch to tlie m)rth boundary of tlio Thitie 
quadrangle, although from Jeimy Tjind Canyon 
northward it is for tiie most pnrt concealed 
beneath rhy^olite and d6bris. Il is also poorly 
ex|xv<ed south of the road fork in IhR East 
Tinlie Cambrian area and also jual btdow the 
East Tintie Development Co.'s shaft. Ita 
tiiickness is cloa^e to 100 feet throughout tho 
mining distnct proper, but at tht; north bound- 
ary of the qundrangle it is only nlxiut 75 feot 
tiuok. Its color on fra^U fractiU'C vorirs m 
different layers from mecUum to dark gray, but 
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its weathered surface i^ n lu.ifonn y.Uou'i^h lo 
grayish wWtc (PI. XI, /»)■ Somo part« aio 
Gnolv banded aiul dark; olliiT. oon^^i^L of . ler- 
,t.i.g K^-nsc^ or layers uf den«e oulit.c n.cd.um 
,-iW rock, with a fi-u- L*riM)icuous giains ol 
;i,ilc calclto su^gcsliro of fo^-^t n.rnu.m.s. 
No rct:o-niz:il)lo fiJ^'it^ l»"ve yot ^'^ 1^'"'"', 

Otiirrbi^d-s in tho district also wor.th-M' 
jienrlv wbit<>, but they nre mom d.doiiudc «nd 
ncmo^ire nearly so tbic.k us tho D.^'iu.r bed. 
Tho Dagniar limostoiKJ is thoroforo th«^ nu.H 
dislinctivts horizon muikor .tmonc^ the lower 
fornmtiuns in ihc distiirt, -.nd it is this IkuI 
wlijcli Wirvffl moro tbiiii nny otbor to corrc- 
laty tho striita north and douth of Etiroka 
OuJch. It is alao u suro indicnLor of ftiulting, 



fli'silv tranul ovtu- tho cr-esC of the ritlge and 
down tho north slopo to Mil- Gonorr.l Logan 
alial't, whero it IxMuU sharply wostwiird and 
"bcunmes lost in a coitfuwinn of fiuiit blocks iind 
hrwiu. >!*»rth of Kur.^bi Culch and wrsb oi 
Cole Canyon it is \vcll i-xposoil ab)n.ir the back- 
iKinc^ of Bluohird Spur for nearly -S.OOO f<^ct, but 
farther nortli it is largely coucrnlcd boiioath 
debi-is, t-hon^h outcrops on spiu-s west and 
southwTiit of Porphyry Kbit and along Lho 
divide in the nor(h\vc:^t corner of the, quad- 
ranii^le prove itt; eontinuity. It is also present 
in the East Tiniic area, north of Burxiston 
Canyon, whore its straliirrapbic posiuon h 
considorably nbsr-ured l>y faultmg. The thick- 
ness, roufiidy ineasiUrod, on tho west slopo of 
rXown"by7i7distribuUon of wults indi- tho peak west of TOm-oka Peak is about 175 



cnted on the mnp {VI IV). Numomus faults 
doubtlcaJ exist cLs(^wherr, but the inclosing 
slnita aro too uiiiform or loo indistinctive in 
chnnicUT ^or their dptoctiun. 

HERXIXER LXMESTOBI (KIDDIE CAka&IAKj. 

The Ilerkinier linu^tono- (seo PI. XlII, C) 
\ws idong the cast wide of tho Dnj^niar Hnic- 
itoiie iw far as tho south wall of Joony Liud 
Ciusyon, v/horo it iniunrlies a thin covering of 
red soil. From thiH locality northwiird it is 
concealed benoat.h di^biis, except nlung t,ho 
divide near tho nortliweat coiuer of the quad- 
rnnglo. It is named after tho Herkimer shaft, 
Oi'Jit of Quartzite Ridjje. Jt is also present in 
tho liuiistono arcu-s of tho Eiist 'J'intic district 
and oast of Buiriston Canyon. Iia thickness 
is finm 225 lo 235 fwt, although ui thesecwnd 
sathUo cust of Qnar(/jte Ridgo ropetiUon by 
faultmg gives it an apparent thickness about 
100 fe<*fc {jireator. It is for the most part the, 
typical mottled siialy limestone, coisisting of 
bluish-black <lenso enrbonaeeoua limestone, 
mutXlud by thui dLscontinuons liyers or 
blotclu's of ypUowish-brovm luatmrtl rich in 
iron and clay. Tlie blotches in places pass 
from yellowisb-bmwn into reddish shades nnd 
«]:iva thn rock a slrikinj5 resemblance to the 
npohon^a liuk>stono. Jt abo resembles a lni^i> 
part of the Teutonic bmesteiie. No fossils 
have hoe-n found in the Herkimer linn^Btone. 

aLVEBian DOLOSITE iMIDDli CA31BRIAS). 
KSTlOOCrins A\-U xaiCKNESS. 

The Bluebird dolomilo is well exposed along 
the crest of tho southward-slopinvr spur eaat of 
the Herk-imer shaft {w> Pb XI, B) and ia 



foot. In the northwest corner of the quad- 
rangle it is about 200 foot. The apparent 
greater tbiekinss in places north of Kureka 
Gulch is due l.ir{;ely, if not wholly, to the fact 
that Ike dip of the bedding and the slope of 
the aurfaeo are in tlio same liircction. 

MTIIOI/lCI. 

The typical rock (sec PI. XII, A) Is a dark 
bluish-firay firnvtrriiined dolomite spangled 
■with short white rods avery^in*; 10 iiiiUiJueters 
(two-fifths of an inch) in length niid 1 or 2 
milhmetcrs in width. Individual pmins of the 
vock proper average 0-2 to 0.;l millinioter; those 
of the white rods iWQ slightly coarser. The rock 
proper shows practically no cfTervoscencc witli 
cold dilute hydrochjoric r.cid, but tho white 
nids give moderate efTcrvescence, jn'oving tho 
uiLxture 01 some free calcite with tho dolomite. 
When dissolved in hot acid, the rock loaves a 
black carbonaceous residue and gives a distinct 
odor of hydrogen sulphide. Tho white rods 
lu-o straight or sligluly curved and mny bo tho 
remains of crinoid steins or corals, but no tnvco 
of original fossd structure is preserved. A 
few beds at higher horizons, especially in tlie 
Ope^ dolomite and Ajax limestone, duplicate 
the Bluiibird doIouUto in a]>pcarance, but tbey 
are all uuieh thiuner and th(^ rocks undorlying 
and overlying them are of difTeront types. 

COLE CASTOR DOLOMITE (MIDDLE CAMBRIAN). 

iHsTi:nit)i-io.v AND rHiCK.\i;t^s. 

The Cole Canyon dolomite is best expose*.! 
on tlui first summit west of Eureka Peak and 
is ro-iulily traced southw:ird and northward. 
(o Mammoth and Eureka gulches, rcrspec- 
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tivcly, nltliouj:;!) nniir Eureka Guk'li il is ron- 
sidt'i'iiUly offset, by fjiulliny:, mul Us clKiruc- 
IcrisUc npp(uLi-;iiK'i! la >rrc.itly oi>scui-o;l by 
bivcciution and rcdilish iliscolomtion. 'I'hcrfl 
is 11 snwll exptjsuro m contftct witli tiio intru- 
sive Swanson rliyolito in Manimolh Gulcii ill 
tho oust end r»f RoMiwoii ^'iUago. Xorth o( 
Enix'kn Gulch tho ft>riualion is Iftrgt-ly con- 
cunilnd, hut tho ijonllfTiMl i>xpt)3urcs alojitr tho 
upper weyl. slope of Coin Oiinyoji nro suflicituvt 
to provo its amtinuity to and beyond tho 
norfli bouJidary of tlio qiindrangln, hs slu>\m 
on tho iiiopa (Vh. I and IV). It is also cx- 
posod in tho East Tuitic district east and south- 
cast of Kni.!;!;litvillo. Its tliiclaifle», moa^^uriMi 
just north of the Soutltcrii Eureka shaft, is 
500 to 510 fept, tho top and lH)ttoni beijij^ 
iirlntriirily plaoi-d at the lo\ve>ft and higliost 
liirht -colored biu!. 



T-rriuM.onv. 



The fortufttion consists of a uundwr of altev- 
iiutbit; beds, from 10 to *25 foot thick, with 
neufly while and dark-gray woathercd sur- 
faces. Tho whitisli wiialherod byds aro mo- 
diuni to b-^ht gray on fi-teh frncturo. Sonin urn 
dense and finely banded, rcamibUnrf somo parts 
of (ho Dagnnir linicstono; otliers are very 
finely crystiillinc, single giuins averajjing nbont 
0.2 [nilliniiifer in diameter, willi scattered 
coarser vvlufe >;iains or patcheSj some of whicli 
suujrest fossil remnants and others short vein- 
lots of doloniile and caleitc in healofl fractiHTS. 
"U'lion dissolvoil in hot hytbochloric ticiil l!io 
donso finely banded variety proves to be rather 
ni-gillrtccous, lea\'iiig small quantitins of a light 
hrownish-gray clay roaidue, and tho liuely cr}'s- 
lidlino vflrioty provos to ]xi a pure dolomite^ 
loavini:; practicidly no residue. 

Tlio dark l>hnsh-gi-ay variety is still daikor 
on frosh fnicturo und finely crystaliin(^ singln 
gi'aiiis averaging U.2 miUiniotor or le-ss in dium- 
oter. Some bods show flru^ hiindiiig, and otlmrs 
obscure mottling or clouding; stiU othci-s tire of 
uniform color nud toxturo. This variety in- 
cludes a few thin fragmnntnl layers (ijilrn- 
formational conglomerates) and a few thin 
shnly bods. The typical rock when disst>lvcd 
in hot hydi'Ochl(->ric acid lea%'ps a considerable 
reyidno of black carbouaoeous material and 
givc.y off an odor of hychogcn sulphide. A par- 
tial analysis from ono of these bods. giv(»n on 
pago 623 of tho earliei' report, is ns follows: 
Si6„8.77; FcA,0.4<); CaO.27.2-2: llgO, 18.5:i; 



(,'Oj (onlculatnd). 41.77; total, 06.78 per rent. 
A. few whifo grains or palehns have onliinos 
indicative of fo^sUs, ma do also some small 
growths of chert: but tho only recogT\iiinble 
fostfila wore found by Weeks in lOOo. 

COKREL-VTIliS". 

ITio oidy {osi.il species identifier! is Ohvhi.fi 
'inccopnilU, found by Wooks 1,700 foot a!>ovo 
tho top of tho Tintic tpiart^.ite. A similar fossil 
(0}>olu» sp.) Was found at tho same Kori//>n by 
the wrher in 1913. Walcott/ on flio strength 
of this evidence, corrolates tho bods provision- 
ally with the Marjimi limcstono (tlui c niond»er), 
between 2,225 and 2,475 feet above the (hick 
btisa-I fjiiart/jto in tho IIouso Rarigo section. 
Theso relations are shown in the correlation 
table an<l irt figure ft (p. ;il). 

OF£X SDLOUITE (VFFER1 CAMSHIAS). 
IIISTHIIUJTIUS. 

The Opex dohmnte, named frmn thn 0\x\x 
mine, includes several beds, mostly dark gray 
or bluish gray but of varying texture, nono of 
winch aro aufllciently distinctiro to bo trust- 
worthy horizon markers in working out Iho 
hicul ritratigiapKy. I'or ibis reason ils position 
in tho iioli] can bo determiiu^d nidy by rciiogni- 
tion of the Colo Canyon luid tho b'morald dolo- 
mile beds below and above il, It- is as a whole 
poorly exposed. A ooutinnous socliori can bo 
studied along tho saddlo west of Kur*'ka Peak, 
whoro it.s top IS marked by a thin bed of shiilo 
ovurliiin by a bed of limL^stoiio congloniornto; 
but north and sontii of (his plnco it is nuislly 
conctialod by debris in draws and gulclies. 
Part of it is probably present south of Jhim- 
motli, but ita identity thoro 1ms been destroyed 
by contact metaraorpbJsni. The thin quartzito 
beds south of Mauxmoth, showTi ori tho map 
(Pi. IV), approximately mark its top in this 
vicinity. North of Kurckn Gulch the Opex 
dolomite is concealed by izio alluvium in Colo 
Canyon and by dehris-coverod slopt^s farther 
north but is moderaliJy well cKjiosod imi the 
top of the broad spin* south of I'orphyry I'lat. 
Its houndarie-s as shown on tho nnip of liio 
mining district (PI. 1\') aro therefore largely 
estimat.ed and not actually locatud. Near tho 
nortli homidury of tho quadrangle httlo or none 
of it is present, and strata of probable Ordo- 
vician ago rest upon the Colo t -aiiyoii dolomite. 
In the East Tintio district it cjips Uio low lull 

I Wnlcolt, C. D,, op. cit., pp. IX,, l^. 
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nt Iho northwost end of tho limosWno .aren and 
may be obsrurolv exposed bonaath tlio Ordo- 
vmnu on tho north side of niUTistonCnyon. 

TJi:r;KNJ:3.i and nTrioLoaic vaiuatioks 

Tho (."xposcd thiclines^ and lithoiogic varia- 
tions west of Eureka Pculc siro shown bdovv: 

^^wion ^/0;;,J- (/oi&«?/< K«( f'/Fn'Tthi Vcuk. ^^^ 
Utntatonn cyiiplouienilor umkint,' UicmI haec oi 
.\jax limcskHiP. 

with iSiiD lieds 'it tnjo rthnU-. Rct^mbles thu 
Ilorkimer limosii-np and jarla ol II**'- f^^KiIy 
OtxtliC'U^Ti lpnii":^lone ■ ■ ■ ' •' 

1 Dark-graVK"»iiili"' dolamitfl. Mmcwliat troH.-:- 

tiL-Jrltf.!.. ....-- «2 

3. Liglit-KTuiy gninjiar dtjldjoite, tuniilar' (o the 
Eirnirald jnembcro/ Ih'j \jax limc5tom>, ;i!- 
tcriiuiiiig ■■vitb anil grnding upward iiilg 
gif irii^h iinil nsldii^ fihalf '-'> 

2 Dor5i;*thaly liim'slonif i^lS 

I. Dnrk-gray dnloiuiUs t^^ni« IiwIb ninllted, s?omt 

whh3hcrl\vhito.s[mii;i:l<-bnikc the Uliieliird 
dolomile), smpo graiiulur and firwily t-n^- 
h<^d<l(<d, tC'ine apoUcci ciUier with sroiill dark 
incliidf^c! ftni^ineiiti or with raihomiccoiiB 
epolB I'ifl Ijy dfstroyoJ fcKsila i7'i 

3SS-;J93 

Tbis section repi-oients a portion of Ihcs limc- 
stonft which iias pntlialily boon loc::Jly tliiimod 
by squcoxing and fimUing, and whose npper 
boundary is an obscuro erosion surface, TIio 
map (PI, IV) and section (PL V, section B-B') 
i^how tlio oxjsUmico of oh,scuve north-soutli fuulEs 
Olid rdso i\ givater UiieLon^s of tho beds m tbo 
Xow-rv ■working,'!* of Uio 0[H'x. Thi^ \mU bore 
uro purtty bulged by locnl contortions and flox- 
ing i^nd probably also by thft pn:'>^piice of a 
do\vufanUe4 wedj^'c, bul the d:il:i ul hand ore 
not siiflicient to afford u detiided ialnrprela- 
liim of \\w fitriicturft, and tbc truD ihicloiess 
of the forniBtion is therefore not bio«qi. 
TIio formiitioii is nut well enough exposed way- 
wliere else iu tlio district to permit n ebeek on 
tlie ineiwurcmeiils giveit. 

Tho ftlhjvo sixitiou shows that any ot tbo 
members may be confused witb ot]i..r forma- 
Iwns if li(.holo-ic cliarael^r aluue is considered. 

"^^eeks ill 1005 found fossils in the Onex- dol- 
onule ubout 2m feet above the Ti.itie quartz- 
Ue, or fiouiwhei-e within memhoi^ 2 to 5 hi 
tbo .eel.on just given, wbieb he designated 
tinnn- Cambrian. Tlies^ fossils were fo,n.J 
ubout 300 feet above the Middle Cambrian 
fossdiferous beds m the Cole Canyon dolouuto 
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I The boundary butween Midtllc ftiid Upper Cam- 
I brian, howovor^ ^^^^_x\ not bo de/iJiitolv- located 
withhi this 30n-foot iiitorvitl and is drawn arlii- 
. trarily at the Lippcmiost eoloi-cd l)ed bi the Cole 
' Canyon dolomilo. 

OBSCURE 'JNCOHFORMITY AT THE TOP OF THE UPPER 
CAUBRIAK. 

Kvidoneo of i,u unconformity at tho top of 
tbe Up[>or Cumbrian, thoush moagc^r at any 
one place, is convineinfif wben considered ii^ a 
wliole. Tho preseneo of quartzito and of liiiio- 
stono conglomerate with rounded pelibles (in- 
trsifonnationat conglomerate is also presont) at 
tho base of the Ordovieinn (Ajax lijnestone) 
point,s to emergence at certain localities. Pob- 
bieii of Middle to Upper Cambrian limestone 
have also been found in some cougjomernto 
hiyers of tbe Opohouga limestone, whieli ovcr- 
lie;3 the Ajax limi'Slono. A noteworthy oceur- 
renco of this kind is iu the isolated limestone 
area cast of Knigbtvllle, where scatle.rcd pcb-' 
hies typical of the Bluebird doloxnite aud a Xew 
higher Camlirian horizons aro embedded in 
argillaceous limestone. The lai'gest of tbc 
pebbles noted was A biehes in diameter. Their 
preaoneo shows that tho Cambrian ^;t^!^t.!^ were 
exposot^ to erosion during" a cousidorablo part 
of Lower Ordovician time. 

No angular discordanco in the dip of beds 
has been found to mark the exact position of 
the unoouforniity, but the varying thickness 
aud local absence of the Copper Cambrian, 
together with tho evidenco just presenl.o<i, 
strongly su^ogt that although there is littlo 
or iio discortlance in dip, some in'cgulur break 
separates tho Upper Cambrian from the Lower 
Ordovician strata. 

The extent of the unconformity boyoiid the 
limits of t'tio East Tint io Range i:^ not loiown, ns 
Ordovician istratii have uot been teeognixed ill 
titc neighl>orijig ranges and aro probably lack- 
ing hi dt least some of them. In the extrwiio 
northern nnd tb& southwcjitern parts of ITiah, 
us well as in eastern Nevada, Ordovician strata 
are a-portod a-s resting eonformul)lj' on Upper 
Cuoibritm sfcratA. Tho uneonfonnity betwei^u 
.the Cambrian '"^d Ordovician of the Tintic 
district is therefore evidently confuied to cen- 
tral Utah, but nothing more can be said of it*( 
areal extent. 

HZ&IONAL CORRELATION OF THE UTAH CAMBRUUS. 

The aceompft^ybig corn^lation table givtw a 
compariaou of tbe Tuitic Cambrian with WaK 
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Con-(.!a{ion of Cambrian s«fwn* in Uifi\. 



Geologif ;iKCt. 


House RitnjTB, 


llntic dislrirr. 




Ordoviclan, 


'rhiu-hc^f'U'dbliwh-cniyand 
uod purjile li.Ticrttonn rest- 
iug (xin (vTu 1 i'\ My on ( lie 
Cambrism ;JS."i f4?i>t). 


Ajnx limcstoiiH, 


Ah« 


Upper Cambrian. 


10. Orr formation (linicstono 


ii'ar 


AIw. 










D. Wock-H liiiicyroini 1, .'lOO 








w. Miirjnm limralone ..I 'JoO 

I ;!00 


B. HliiL-liird doImiuUt 175 






7, \\'hooli!r fumi.'Uion (limi*- 

6. Swafl'?v fonunfion (limestone 

an(rHh:.ikv :SlO 

5. Dojjio Canyon liinciittino :i"v) 

•1. Hij-ivoll fominlion^ i'l'lupfly 
1 inioHtone, iufliidin'p 
Sp^-nce ahalc, 30 Icot. 
thick, at biise) 15.5 

Sk IJiDTalflii f?l limcNlonc 20fi 


4, r>a::iDar lunpHlnnL^ 100 


■!. LiniL 
H. Shalt 


Middle Cambrinii. 


'2, Opnir fornintion (.-jhaloand limf'-/ 2io 
stonel 1 IfKi 

i,fi;u 




I 


2.' Pirn:be forranli.ni (a]mi\g and 


1. Tim it; qiiartjsito (bnsn mit oxposcdi. . (1,000+ 

Tol.il Cjinibrinn, pos'jibty in- 
ciudiujrBcmo pre-Cainl»rimi.. S,321+ 

(7V 


2. Phak 
I. Quur 


LowiM- tambrian. 
[ 


I. Prt-jijxvt MntiiUniti quartz- 

iie (base not expt^.-K'd ' I, ;17.'5+ 






ir,|.f 






(j!ir.ri 









n Tliu unconbrcaUy at Ihu Uev^ a[|}i<) B[sCi)((cn«ri>o>:1 Cant^rJi Rt^rUon vaa found br Bkvkvpl(^^In I9I0. F. F. Blnud (AcfmtrlbnMiMi laUin^voIoyiycirtliri WaaUcti; 
ithtilr nnd l>etisnlui linie!.tcn}d uxl fonvtili'-l It ImiUUUvdy u OrdovJir'Lan, I,. D. BurliVif;, Iwwovcr ; Hiirly Camhrinn sUaUirriphy lii Um Nnrth ABWfirwn Tonilllrni'. CaaM 
Umcslane, To JiidptCrum |t« rio-.tnmti? Lhkkn^ss, U» Umolooo IsproC^ablirulIorMIildloCaaibruiD u;:i:, luid both I'pjnr Cumbrkui find Ortlovlcjiiiiiuuab-font Iron ihellli 
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Con-fliiiiov of Cnnihruni ncclions in Vinh. 



ft.^ 



Tiiilir dislrii-l. 



nnsloiiir 



ortn il y^ ■ ■ 

FetX 
nimiiitft Hflfl 



uyon dotoniito ijlO 

d doloniik! 175 

fi* liiiiO'iono 2"J5 

■ UmL'stuni? 100 

if Hracetonc 556 

iriiiiitinn (hIiiiIo and limp-/ 2^ii 

) \ 100 



i,i):!i 



|ii!irtzi(<'. (ba."o not oxposed). . ii, 000+ 

'ol;!l Cumbrian, ]>os4Jb,I>; in- 
cluding somo prc-i'anil)rifln,. S,3!?I + 



.(■n. 



Big Cottonwood ranyon." 



Abseut (?). 



Abspnt(?). 



1. r,iaieatorn5. 



Feel. 

■IS I 



2. Pliidc 100 

L Quamitc I,0(i0± 

ToUd r:iiiibri;in 



I, IWd: 



-Unronformify — 

Qunrtzitc and j-litdi' '0, 50*1+ 



P.luolwinithFtirk. 



Ordoviriart limestone, rniifonuft'bly 
iiliovo ihe rambrian. 



Ffft. 
7. "^t. (Inirli'M liiiirHliinc 1,227 

6. Xmijirtii limwlon«. !, (itl 

5. fllctimint;(on formation (liim- 

flldiio '.Lnil trlinkO 1.320 

■f. rdii'^k'tfinilh Itiiiestonc 570 

;!. I'tc iimpatono (iiichuliiii.' the 
Spt'nce nhiilp member, .10 
fG<'t Miirk, at. baw)) 759 

'*. I.ancsloii limcBtQiie 498 

Tntu5 Slitldlc r;mil)rian 
a!>ovo q»iiirt/ite bl-SS 



I . Prighiun c;ii!irl?;itt' 1, i!32 -|- 

ToUil Middle ranibrian 
(pce?ibiv includiug 
srjmo l.o\'i'er Cum- 
brian) 6, C20+ 

(?) 

Toln! Cambrian (biiao not cx- 
pasedl ri,nl7+ 



F. F. mnU. (.V canLribiUlon W Ih. «..lc.y cf U.o W^^UU Mou..Um.= K.w York Aenji. ScL Ann.l. ,7'^^. PV«^"^i'„'d^'^> '^'"^^L'tund mS 1 SSS.'£Stf S 
tubiliui BlrsLtmpbvinUjp North AniL>rxanCor<lltler!i:CoiW(laGfol, Surrey Mils. Dull. 2, |). 101, I'JDJ, ilaWn tlitvt tw and r. i>. »c«ks iiu.m .a. u 
nih Vpper Camhrlan and Oriovldaji ar^i ali»nt IrauLtho BijtCoUoiiwotMt rnnyonseJiHoii. 



SEDIMEXTAKY ROCKS. 



31 



cott's Ctinibrian sections in tho House and 
Wnsiitoix ranges/ 

The contrasts m thickness are more olparlv 
,shown in figure 5. No safisfaftory corrohition 
of the biusal cunu't-zito is yet possible, owing to 
the groat difriM'once bclwet-u its thirknoss unt! 
that of oilier (eonipJotrly exposed ) scctioua of 
Ciinibriiin quartxite. If tite TiiUio qiurlzito. 
can bo proved to be \\"l)oLly Oambrinu, its great 
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>'lUL'Ri: &. — Ctihimiuir oarrO-lalioo VKtjonii dl tUo Ciiiii'bn^ii ol Vv.ih- 
\, Houiin Ikiiiid: ir, I'lnUo distrfel; HI, Ulij CaUouwt/iti «_'iuiyo(r, 

tiiiolcness will indicato a coii^iidcrablc diversity 
in elevation of the Cambrian laud. 

The variation in :ij^> of tho sbulo (or slate) 
just above the cpuu'tzite in shown by paloou- 
tologie evidenco. U indieatew subsideneo of 
an unduLitbifj; land surface which contained 
elevated portions in tho region of the norfiicrn 
Wasnlch and Onaqui ranges and possibly in 
the Tinlic tlistriol. Omiparison of the com- 
position of the Jliddli' Cumbrian rocks in the 
House Range, Bl!ioksniiL.h Fork, oud Tintic sec- 
tions shows a relative abvmdunce of shale in tlio 
fiist two and of dolomite iu ihc last. There is 
also a marked differenco iji thickness. Tho 
first two ara about equal, and each is over 

I WaJcolt, C. L»., ctp, cit., pp. I48-IM. 



twico as thick as the Tintic iliddle Cambrian. 
Tiio locniittos are too widely separated to war- 
rant an inu-escrvod explanation, but it is per- 
tinent to point out certain poi^Viblo relations to 
bo tested hy future^ work. Either the Tintic 
district was mufh farther from land tlian the 
(itlier two and received le^s ninlerial, ;;? sug- 
gested by the correlation of fossils; or else it 
tiuist ha\'o hci'U clo\atod above sea Im^cl dur- 
ing a part of Midiile Cunibrian time, and in that 
ciise there may be at Tintic a concealed uncon- 
fonnity, eitlior within the Midillo Cumbrian or 
between the Middle and Upper Ciindirian. 

The Tintic Upptn- Candn-ian is less than oue- 
third as thick jis tho Upper Caiubvian of tho 
Blacksmifli Kork section and less than onc- 
ftighlhlis thick as that of tiio House Kaiigo sec- 
tion. Those difTorences are ovidcnily dno to 
the Cand)rian-Ordovici!tn unconforniity in iho 
Tiiitio district. 

DHDOVICIA.N SYSTE.Vt. 

AJiX LIMESTONE (nraLTJDIKO THE EMEEALD DOLOMITE 
a^EMBEB). 

ylhTHim TlnX AM) TlflCKNt-^SH, 

The -iVjax limeslono, uametl from the Ajax 
mine, is for tiie most jiart a dark bluish-gray 
cherty magiiesinn liniestono I)Ut includes, 90 
feet abovo its base, a i-reaaiy-whito duloinitfl 
bod of considerable strat igrapliio and struc- 
tural importance, here named the Emerald dolo- 
mito member, after the Emerald mine. 

Tho lower 90 feot^ of the formation consists of 
dark-gray clouded doloiuite or higldymagnesiau 
liniestmie, partly cross-be-ddod imd partly coq- 
sist.uig of Miin conglomeratic/ beds, containing 
many thiu lenses and nodules of lights-gray 
chert. The dark clouding or mottling hi i)eds 
ncur tho base is of interest owing to its jlsso- 
ciatioii with fos.sil remnants — white, partly sili- 
cifled rodJike and branching fragments i-csein- 
bling annelid boruigs. (Sec PI. ^11, Ji.) 
Thcsti fnigments luivc broad black bordoi-Sj 
more carVKjnaccous than the rest of tlio rock. 
In somo of these fragments noni? of the origi- 
nal fossil is now visible, but the carbonaceous 
mottling marks its former prcsonco. Beside-s 
carbonaceous mutt in' liydrogcii sulphide is also 
present and can be detected by its odor when 
the rock is broken or dissolved. Tho cross- 
beddo<i aiul conglomefatio charactor and tho 
presence of the quartzito bods south of Mam- 
moth are of special intei-e^t as partial mdica- 
tions of an unconformity. 
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TIio Emorald Jolomito raenil>cr i^ a poi-sist- 
cnt 1)0(1 of iilmost. pure tioloDiite, for llio most 
part fino {.Tumcd but corilainins snuiU piitclios 
mi<I vcinicl..s of coarsnr ^niin. H is from 30 to 
40 feet thick and is routumously oxiiiteyd from 
Miiniinoth to Kuroka. Xoiir tlio CentoaniftI 
Murokii shaft it is offsot wosl.wjird for about- 
1,()(J0 tvci by ii. combiniUion of f:iuU,s. Norl.b 
of thpHo faults it litvs just wc^t of the CVrilon- 
jiiiil iOui'okft Jind Kuroka Hills shiift \n\t is 
in<»sily concealed boin.'iith debris. North of 
Kurokii Gidcih it is idmoyt ontiroly contoilod 
but lias been reiiojfiiizud niong tbo wost slope of 
tlio 7,77S-foot p<'nk on tbo divide in tho nf)rtU- 
vcHtrrn piii-t of the Tintio (|UJidriingio. Soulli 
of Mfunniolh its identity h;is boon destroyed by 
rontdft nietamorpliisn;. 

Tho limestone abovo the EnienUd dolomite 
member is mostly fine ^qiihhI, chci'ty, and 
high in raaguoia. Its uppur pari, however, is 
distinctly cjilatreoiis, itesho\ni bj' the following 
iituU^'si.s, f|ui>tcd from the ciu'lior report:' SiO,, 
4.;{3; Fp,O,>0.t>;i; CaO, r»2.:M; &[gO, O.tiO; (X), 
(calaiUatcLi), 41.7S; t(ttal, 99.GS per cent, It is 
well o.timsod tltroughout the district from Mam- 
moth northwiird to a point witiiin a miloof bbo 
m)rtli bouiidaryof thcqnndr;ai|;lu. Closotothis 
boundary it si-ema to have locally thiimed or to 
liiivo merged in appearance witli the ovorlyiuj,' 
Opt>lion-;a hincHtone, wiiich is hero uuusuidly 
thick. Itis also present southeaatof Mammoth, 
hut its ciiftvuctor in that area is nnich obscured 
by niiitamorplilsci. It has been noted at. the 
soutiiciist extremity of the Ordovician area 
just north of Burriston Canyon ami nlonj^ tlic 
southciist l>ii.se of Pinyon Peak. 

The best oN:po=iiut?i in tb,o miniui? 'listriot aro 
on tJiOi]ntrs cxtondinj^ southward from Eureka 
Peak and northward p,b^t the Contcnuial Eu- 
reka shaft houHo. Its upj)or part niol'goM so 
grudmdly into tlio Opohon^^a limestone that no 
di'fmito boundary can ho drawn, and mcu.snrc- 
monU of tbiokiii.'Si, even in swaions ueur to- 
pthor, iWlUr by screrril feet. The transition 
IS w.^JJ shown on the wcstslope of liurcka Peak. 
Ilcm the typical chcrty linK-stonc passes into a 
ratiior tbin band of sh.-dy lim«3tonn of the 
OpohonKa typo; this Is followed bv a rathoi* 
fine to coarec grained grny limeston'o, which m 
turn passim into & ]ightoi---rtty variety cou- 
tannuj,. thin Jcnses of chert; the latt^-r'p^us.cs 
mio tiie sbdy Opohouga limestone, tl.o lo^ver 
bud:, of which lU'cchertj'. Aa nodidi^ and thiu 
' f'p- ■ »'.. p. tst ' ~ 



lenses of chert are the charaotoristic featui-e of 
tile greater part of t!ic Ajux lime.stono, tiie dif- 
fieultj of detcrmhiing its upper boundary is 
obvious. The thickness between the Emerald 
dolomite member und the lowest slialy lime- 
stone of tlic Opolmngti type is about 410 feet. 
N'orth of Kureku Guloli there ia lo^a variation of 
texture in the upper part of the Ajux but the 
lower bods of the Opohouga limestone are more 
pe.isisteuLly ciierty and the line must be di'awn 
according to the reJative prominence of ehcrty 
or shid}"" chiuacter. The contact oast of the 
IJluck Warrior prospect and to the north may 
be an\avhcre within a zone 100 feet wide. 

AGK AND COBKKI.ATKIX 

The oiJy fossila found in the Ajax limestone 
wore a few poorly preserved gastropods col- 
lected at the southeast base of Pinyon Peak. 
Tiiese have been delermuted as StraparoUiLs? 
sp, Ijy Edwin Kudc, who states that they 
strongly suggest, a form found in the Pogonip 
lijaestono of Nevada. The occurrence of lower 
Pogonip fossils in the overlying Opohonga 
limcstono tlius ph\ces the Ajax limestone closo 
to the b;isc of the Ordovician, 

OPOHONGA LIMESTOME (LOWER ORDOVICIAK). 
UISi-:ilBUriON -WD TTnrsNR>S. 

The mottled shaly Opolionga limestone, 
named from tlie Opohongu mine, is jie-i-sis- 
tent and is ensily idoutifiod by its chanicter- 
Istic appearance and relatively great thick- 
ness. Ft can be troeed witli no interruptions, 
except in Eureka and \[ummotli gidohes, 
from the nortii boundary of the district to 
tho East Stnr [)rospoot, a mile aoutheast of 
Mammotli. Southeast of Mammoth its base 
is obliterated by contact metamorphism and 
mineralization,, which have affected ft ^a-eater 
and greater tMcIviiess until at the East Star 
prospect oi\ly the topmt^t beds can be idonti- 
ftpil. It is also present in the East Tintic 
di&trict, forming tlic isolated hmestono area, 
cast of Knightsvillc and pnrts of the Ordo- 
vician strata around Rm-riston Canyon, Ho- 
ntansviUc Canyou, and tlic lower cist slope of 
Pinyon Peak. Tiie exposure at Bun-istou Can- 
yon lias been subjected to motamorpliisra and 
has lost most of its distiuciivo ehiu-acteriatics. 

Tho nidefiiiito location of tlie lower con- 
tact of the formation, with the Ajax limc- 
stono, has already been mentioned. Its upper 
»-ontact, though conformable, ia sharply de- 
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SPECrWENS OF OPOHONGA LIMESTONE SHOWING VARIATIONS IN TEXTURE. 




C SPECIMEN OF HERKIMER LIMESTONE SHOWING CHARACTERISTIC 
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fined. The tlucltness at Eiu-eka Peak is 825 
feet- At Manimoth, east of tho Sioux Ajax 
tunnel, tho thickness of the recogiiizuble rock 
ia npproximiitely 740 feet, the tUfference of 
So feet being perhiips due in large part to 
the indefinileness of the lower f.ontnct and 
to the effects of eoutact' metoniorphisin, 
lu the uorthern part of the district, west of 
the Paxraun shiift. the thickness is approxi- 
iiintply 700 feet, hut at iho north houndiiry 
of the Tuitie quadrangle the formation appei\i>i 
to bo at least 1,000 feet thick, though, as 
olreadj'' suj^gested, this thickness may inelude 
a considerable pnrt trf the Ajax limestone, 
which is there poorly dchnod. 

LmiOLOCY. 

This roek has a striped to mottled or -iiioaaic 
appearance (sec PI. XIII, /?, 0), bauds or 
abort lenses of raedium to light gray limestone 
alternating with bands of yellow to red argil- 
laceous Tiiaterial. These colors, however, are 
due to surface weathering; the rock in the 
underground "workings of the Kagle und Blue 
Bell and the Victoria mines is of uniformly 
hght-gray color ("white lime") and is not 
at fii-st easily recognized. It is characteristic 
for the gray limestone to form eye-shnped 
bodies, or short lenses, from I inch to 2 
or 3 inches long, separated by finely banded 
ribbons of yellow to red shaly material. 
The proniiuenee of red coloring is as a wliole 
persistent and in this respect the Opohonga 
limestone diffei-s from the Teutonic and 
Herkimer; but where the Opohonga is de- 
ficient in red or where the other two limestones 
show unusually large amouuts of it, the three 
may be easily confused. The gray limestone 
bands or lenses of the Opohonga limestone are 
as a rule of hghter shade than those of the 
other two, though this difference is not con- 
stant and is not a safe criterioa for tlistiugiiish- 
iug among them; but where colors are con- 
fusing the greet relative tliickness of the 
Opohonga hmestone and its contacts with 
tke cherty Ajax limestone below and the Blue- 
bell dolomite above sei-ve to identify it beyond 
dispute. 

Another Jiotieeable feature of the Opohonga 
limestone is the great number of thin beds of 
conglomerate it contains, most of them intrn- 
forniational. The fragments included in the 
conglomerate are flakes of the gray Ume- 
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stone, and their occmrence suggests that 
thin layers of the ealeareous mud after depo- 
sition were exposed to dr>iug and slu'inkage 
and became cracked into flaky fragments 
wiiicli were moved and redeposited when 
the next layer was fomied. No mud cracks 
or other marks charaderistic of such con- 
ditions have been identified, but the nearly 
vertical position of the beds is not favorable 
for their exposure even if any are present. 

Other conglomerate beds contain rounded 
pebbles representing underlying forjnations. 
Tlic best example uot^d is in the isolated area 
east of Knight\alle, where tliere are a few 
pebbles, the hirgest 4 inches in diameter, of 
dark-bhiish dolonnte with wlute spangles 
t;\7iical of certain Middltt and Upper Cambiian 
beds. ITie iriignificancc of these pebbles in 
connection with the Cambiian-Ordovician un- 
confonuity is stated on page 30. 

The rock elTervesees hrisldy when touched 
with cold dilute liydrooldoric tu-\d and develops 
a furrowed surfiwe owing to the more rapid 
solution of the less argillaceous laminae. When 
completely dissolved it leaves a huge residue 
of diirk-gi-ay to liglit-brownisli clay. Tliia 
brief chemical test is the safest means of 
distinguisliing the rock undeiground from 
light-gray uiembei>5 of the overlying BluebeU 
dolomite. The latter gives little or no effer- 
vescence on fresh surfaces and leaves only a 
small gray residue. 



CO R DELATION - 



A few po(n'ly preserved fossils wore found on 
the east slope of Eureka Peak, about 100 feet 
below the base of the Blueboll dolomite. These 
have been determined by Edwiu Kirk as Dal- 
■jnamUa cf. D. h^nihurgmsis Walcott, CyHolites 
sp., Opl'Heta s-p., a,nd AjiapJiUS s-p. (fragments), 
and are assigned by him to the lower Pogonip. 
(Seo paragraph on correlation of the Bluebell 
dolomite, p. 35.) One very poorly pre.served 
gastropod was found north of Burriston Can- 
yon. This.aiao suggests the Ordovician but is 
otherwise indc terrain able. In color and tex- 
ture the rock (seo table facing p. 30) has some 
rcsomblanco to the 285 feet of Ordovician 
limestone wliich conformably overlies the Cam- 
brian in the House Kange, and it is alao sioiilax 
in general appearance to much of the Pogonip 
limestone of Em'eka, Nov. These lithologie 
similarities, though not trustworthy data for 
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correlation in ihemselvts, uro of interest iu oon- 
n.=ctiou witli Ibe paleontologic duta. 

BI.U2BEI.I. DOLOKITE (LOWER TO tTPPER ORBOVIOlAK). 
DISTIII3UT10N, 

ThemuobcUaoloniito.iiftmcd froui tho Uluo 
Boll mine, is tho most extensively exposed for- 
mation in iheTintic district proper It crop* 
out continuously from theba..eof Pflcbird Poak 
Boutbward to Km-eka Guloh; u .u..iU L<oluted 
patch i« barely exposed in the niiddlo of the 
fidch- from Eureka it oxUnd^s-oiithwiu-d to thfl 
hrud of MamniothGiilc.il, iind thenr.o it swnigfl 
soutiieiustward as fiir as Sioux PobS.wl.crc it is 
covered by volcanic locks. In the East Tintie 
<iistrict it is exi>osicd both north and south of 
BiuTisti>n Canyon, but its characteristic appcar- 
nncc is largely destroyed by bleaching uiid 
partial rccri'stuJlization due to slight contact 
raetaraorphlsra. It is alao exposed on both 
aides of HoinansviUc Canyon and makes up the 
greater pavt of Pinyon Peak. 

TllICKNKSH. 

'I'ho lnk;o of the Bluebell dolonutc is cvery- 
whore sliarply defined against the Opohonj^'a 
limoi'tone. It.'' top l^ marked in mont places 
by a tliin quartzitic band (the Victoria quartz- 
ito), which has boen noted at intervals from 
the northern part of the district southward to 
tlio slope iioJow Mammoth lilulf and which is 
regarded as the basal formation of the Missis- 
sippiim, vo^iinj; uuconl'orinably on lUo Ordovi- 
ciau. Where thi;? qnavtxito bund is not ex- 
posed it ia impossihip to separate tho Ulucbcll 
ylinrply from tht^ lower beds of the Gardner 
doloniil-e (Mifisis^ippian) and Hie upper ]uuit ia 
nrbitriirily drawn at the highcyl c.xi>oscd hght- 
wlored bed. On Pinyon Peak the Bluebell 
iloloinilc is overlain by the Pinyon Peak limo- 
stoiio ()f -Devoniun age, 

Tho tliickjiess of the Blucb(\l] dolomite can noL 
be iiccnrately stated. It is approximately ^)0 
feet north of Eureka aud it appeiirs to be only 
701) feot ciu-it of Euieka Peak; but in many 
places it appears much greater, owing to local 
UrtMoning of tho dip, to probable faiilMng, or to 
actual variations in tluckness caused by tho 
unconforniity at iUs top. The most, conspicuous 
of these placCT is the spur northeast of the Mam- 
moth mine, where the apparent thiclvno^s is 
movo than double tliut east of Eureka Poak. 
Xo fault>^ of considerable sixe could bo recog- 
nized hero on account of the gouerol uaifornu*-)' 



of th.i beds, but the rock is much shattered and 
contorted. The overlying Victoria quartzitoc 
beds show no pronounced otfset, and the ouly 
roadonable way to acc^oiint fur tho great local 
tUickne-<« of the Bluebell dolomite is by attribu- 
ting it in part to tho uuconforniity aud i\ssnm- 
ing the occiUTeuce of block faiUtijiff wliJch has 
caased repetition of the beds, as suggested in 
Plato V. section B-B. The apparent difference 
in amount of offset along tho mapped fn'jit* 
n(U'th and south of the Mammoth mine is duo 
to the flatter position of (;ho beds near the 
southern fault. 

In tJic nurthwesteru part of the Tiulic qoad- 
raTigle, about half a mile from the north bound- 
ary, the thickness is at least 1,000 Xect. On 
the east slope of Pinyon Peak a rough estimate 
gives 1,100 feet or more, but the upper 400 foot 
may include .Silurian or Devonian strata. On 
tho' long spur north of Pinyon Peak tlie tot^J 
apparent thickness seems to have boen increiu^wl 
by faults, but the faults ore concealed, and the 
exact conditions can be determined ouly by 
voF}' detailed work beyond the limits of the 
quadrangle. 

LirHOLOOY. 

Tho Blueboll dolomite comprises nn alter- 
nating series of hods that woathor light and 
dark bluish gray, mostly of lino-grainod but in 
part of medium to coai-so grained toxtur(\ 
The frosh suHaces of both aro medium to <!urk 
gray or bluish gray. Some beds, especially of 
tho lighter variety, aro finely bunded. Sonio 
dark bods are mottlod with extra dark cjir- 
honaccous blotches. Both varieties so far 
as tested are dolomitic, yielding almost no 
ofTervoacenco when touched with dilut-o liydro- 
cbloric acid. The difference in the color of 
thoir weathered surfaces is duo to the presence 
of moro carbonaceous malUir in tho darker 
variety. Some of tho lighter-colored boda are 
practically pure carbonate; othei-s when dis- 
solved leave a small gray resiflue of clay. 
Between 100 and 200 feet above the base of 
the fonnation, throughout the district, tho 
beds, both light and dark, contain a number of 
small nodules and thin, seams of chert. Thero 
are also in places small patches, many of white 
spaity dolomito and .some of chert, wliicli aro 
evidently allorcHl fossil fragments ; bu t no 
identifiable fossils havi been found lussocialed 
with them. The Bluebell dolomite resembles 
tho Colo Canyon dolomite in gonend lithologio 
charactor but can bo distingui.slie<l by it^s 
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grfiftter thickness and l>y tho character of tho 
I'onnutiorts belov^' and tihovo it. 

Certftui local conditions, liowovor, iiro likoly 
to cnuae conlusioji of these two similar forma- 
tions. Thus Iho Eureka Guh-h fault ha^ placod 
tho Bluobcll dolomite on tho north iihnost 
directly in lino with tho Cole Cnnyon dolomite 
on tho south, nad thu fact ihni ore channels 
havci boon followed Across tho jT;ulch without 
conspicuouw ofl'set may Oiisily lead to correla- 
tion of tho two dolomitos as parts of one forma- 
tion; hut tho succession of formations, us 
shown in Plate IV, proves that tho two are in 
fact different. Another chance for confusion 
of tho two dolomites exists in tho East Tinlic 
district, north of Biiri-iston Canyoit, whore 
fanlluig hiis brought the two near together and 
contact metuniorphisin hiis obscured thoir 
characteristic appoarauco as well us tUat of 
tho intervening strata. 

COBIlBtATION, 

Two lots of poorly preserved fossils wore 
found in the Bluebell dolomite directly waat of 
Eureka Peak. Tho specimens in the first lot, 
from the bottom bed, have been identifiod by 
Jtr. Kirk as Maclurea annulatit V!a\coii and 
Helicotoma sp. He states regarding tha^e and 
tho fossils found in the Opohonga limcstono: 

Although the fo-siils are pcor they show thflt these fnimaa 
are imdoiihtcdiy of Beekmaatown [Lovi-'cr Ordoviriari) 
age. Il the West they can be coiTelaied with the lo'.ver 
Pogunip of XevadB. the Gard«?n City limestone of north- 
■?n.stor!i lllah, and the El Piiso Jimestone of Texa*. 

The second lot., fonnd in tho middle part of 
the dolomite on the summit of a low Icnob, 
contained only one rocognizablo form, Sole- 
nepora sp. One specimen of Orth-ts sp, waa 
fomi,d on the north side of Homansvillo Can- 
yon just below the basal Mississippian beds. 
Regarding these two fossils \[r. Kirk says: 

The lassild in these t«'o lofii indicatJi post-Bee kinan town 
Ordoviriiin. SftLnnpoTa, supposedly a calcrareoua alpa, is 
t.\'jHc»Hy pofft-iiecfkmantovi'Ti. and the OrtMi Cuda its 
closest oily ID rocl^a of Stanrs River ;igB. H is probable 
tliat the upper Pogonip carrifta post- Bee kniaDtown IJrdo 
vician, with xrljich these beds may be correlated. 

On the southeast slope of Pinyon Peak a few 
indeterminable gastropods and a specimen of 
StrepU-h^nui sp. were found at horizons 400 
foot and more below tho top of the dolomile. 
Tho Stnpielasmfi , according te Mr. Kirk, 
"pouits clearly to tho Richmond age of tho 
cont-aining beds. They may be corrnlated 
with the Lone Motintain limestone of the 



Eureka district, Nov., and the Fish Haven 
dolomito of northoastorn Utah." 

The Blueboll dolomite therefore ranges frora 
lower to Upper Ordovician, and it is possible 
that the upper 400 feet at Piuyon Penk may 
include Silurian or Devoninn strnta. The tren- 
erally uniform character of the formation, liow- 
ever, dn<l tlic rather wdcly separated boii/.ona 
at which fn.'^sils of critical stratigraphic value 
have been found leave no convenient means 
for dividing itdefinitt-ly into members. 

Accordijig to Riohin-dson ' the Lower to 
Upper Ordovician is voprcscnted in northern 
Utah in the vicinity of Benr bake by i.ho fol- 
lo\™»g strata, mimed in ascending order: 
Garden City liniostone, 1,000 iVet thick; Swnn 
Peak quartzite, 500 feet thick; and Fish Haven 
dolonute, 1500 feet tliiek. According to Weeks - 
Onloviciim beds, iiTchiding limestone overlain 
by quartzit^', are preseiit in tiie northern part 
of (:lio Wasatch Xlouiitflijis end rungo in thick- 
ness from 500 to 2,000 feet in the country cast 
of Ogdcn, hut thin and, in places, disappear 
soutli of the latitude of Salt Luke City. 

Tlie wTitcr^ fnUed to find any stnit^i ctjuiv- 
ftlent to tbe Ordovician of the Tuitic district 
during recormuissance work in tlie southern 
inilf of the Wasatch Momitnina, and Emmon-s 
and Spurr * did no t recognize any in the Oquiirh 
Mountains. In the House Range' only 2So 
feet, topping the Ciunhrian section, has been 
left by erosina. In the San Francisco and 
adjacent districts of southern Utah, according 
to Butler," limestone nud dolomite of Lower 
Ordovician age are present^ pas.sing upward 
into limy shale and qnartzite. In the section 
at Eiu-ekii, Ngv.,'' tlie type locidity of the 
Pogonip limestone, the Pogonip is 2,700 feet 
tinck and consists of a basal series of intor- 
stra titled Umcstone, argillaceous beds, and 
sandy beds, which pass upward into distinctly 
bedded purer tine-grained bluish-gray lime- 

1 nin-h-udrjui. n. B.. 'Plio l'.ilitaolc 34i'lloD lu iiioiHitrn Ululi; Am. 
Jour, Sci., 1th »iT., wol. M, pp. 4'yi-tio. iBia. 
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atones. The typioW Pugonip section is tlius 
mufh thicker than its equivalent in the Tiii- 
tic district and consists of highly Uissiliferous 
limestone, whereiia the TniMc section is jioor in 
ftmails and its upper part is dolomjtic. Iti the 
passugc from a li)wer impui-e to an upper 
purer luid distinctly heddetl limestone, the two 
sections are aimilnr. 

DEVON r.W SYSTEM. 
P1SY0» PEAK UKESTONE (UPPEHI DEVONIAN). 

Tht', only i-fH;ognizDd Dev<)nion rock in tlic 
Tintic dislrlct is a banf! of shnly liiiicstoiic 
about 150 feet Lliicl:, cxposdl nloiiff the upper 
east+Ti: slope of Pinyon Peak fi'om its blunt 
Cftstprr. spur southwesLward, to its base (PI. I) 
und dfsi^jnaled tlio Pinyon Peak limestono. 
It wii.'* not seen on the north spur of the peak, 
On the east spur of the peak it is separated 
from the ha-se of the .Mis,-ii?si[)|)ian by a ven' 
slight iingiJar uiieonfonnit}' and rests con- 
fommbly upon tiie Bluebell dolomite. On 
tlie nortli spur the biisal quartzitic beds of the 
llississippiaii retit on dolomite of Oi-dovician 
or Ifttor asje, and t> the south, at Hoiyinn-sville 
Oanynii, the Missif'sippiaii rests on Middle 
Ordovioiun doloniiln. 

The Pinyou Peak limestone ia very similar 
in genend Ut-hologie chanicter to the Opo- 
lionga limestone. Ets !>edding surfaces pre- 
sent many markings, iueluding mud crncka, 
flattened alndy flakes, and po&sible. worm trails. 
Pine fossil frugincnts are idso ahuiidnut but 
only II few reeogui/jible forms were fonnd. 
These were determined by ifr. Kirk as Phu.- 
rtitomtma sp., f'mth(/phjll\tro sp., lihomkypcra 
sp., and Spiriftr sp. Tliey indicate Upper 
Devonian (Thre<'forks?) n^c, but none of tbcm 
iH'o of sullicionlly critieal vidne to render this 
coiTiihitioii iiiial. 

As nheady su^'gestt'd, the upper 400 feet of 
the lindcriyiii^' dolomitn may be wholly or in 
prtrt of Devonian age nnd u\ that case may bo 
rorrohited, on both stratigrtiphic and li'tho- 
logic grounds, with the Jell'ei-sou dolomite. 

The ocA^urrenee of Dovojiiaa strata in the 
Tbitio dintrict is of interest lis mi indication of 
tho fminor contLnuity of tho Devoniiiu over an 
area ui \vhieh it has heretofore not been found. 
The JclTeiNou dolomiu^ (or liiiu^sfone) bus been 
shown by Kindle ' to extend southward into 

In lf.0 ihrtlber, RocVy M.,«m4Jn niUi: DoU. Am, r-,iltontCto(s vol 
*. N* *^ 3fl pp., June 3. i,]^ ** ' 



Utnh, itnd beds at both the Jefferaon andTbreo- 
forks horizons have been identified in tho Rmi- 
dolph quadrangle of northern Utah by Rich- 
ardson.^ Strata equivalent in atratigrapbic 
position and lithologic churncter have been 
found by Blackwuldor as far south as Mount 
Morgan, in nortlieastern Utah,^ and recently 
Hintze * has described a series of fossiliferous 
Devonian strata 1,000 feet thick, which ho cor- 
relates with the .lefferson, in tlie Cottonwood 
nmmiir district of the central Wasatch Range. 
This series rests in apparent conformity below 
Mjssissjppian beds, but contains no strata sug- 
gestive of Thi'ec-forks age. 

The nearest oe«uiTences of Dovoninn stnila 
to the south and west of the Cottonwood dis- 
trict are, so fiir as published descriptions show, 
in tho San Fruncisco district of southwt^tern 
Utah iind the Eureka district of eastern N^evada. 
In the San Francisco district Butler-" has 
found H dolomitic limestone, 1 ,500 feet thick, 
of midotoi-mined nge (Siliu'ian ?, Devonian ?), 
overlain by a ciilcarcous fossiliferous shale, 50 
feet thick, which rests conformably beneath tho 
Mississippian. The fossils in the shale prove it 
to be Upper Devonion. lu the Eureka dis- 
triet, Nev., Hague* found 6,000 feet of Lower 
to Upper Devonian limestono .overlain by 
Upper Devonian shale. The Tintio Devonian 
helps to bridge the gap betwetm these two local- 
ities and those in the Wasatch Mountains, but 
its thinness compared to the other sections sug- 
gests that the Dcviniiau sea was in places un- 
usually shallow und may not have been con- 
tinuous over central Utah. 

Tho ranges imraedintely wast and south of 
tho East Tmtic Mountains do not, so far as 
recommissunce surveys by the VTiter have 
shown, present any sections within which De- 
vonian ati-ata aro to bo cxpcctocl, and therefore 
tliey throw no hght on tho problem. 

UNCOXFORMITV AT THE BASE OF THE MISSIS- 
SIPPIAN. 

Tho presence of an unconformity at the baso 
of tho Mississippian in Utah has not been gcn- 

»Rlrhwl«)H, 0. n.. Thft Pal-ifliolc action la Bonlwni UlAh; Am. 
Joiir. Pet, tih «^., vol, M. pp. «;r-iia. vhx 
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errtlly recognizf-d, but Mm evidcnco in thit Tin- 
lie district is proof (jf its oxisfhiico, nnd diitii 
from other ploces uidicate t.hat it <^xlcndi» vpU 
over Uhj ceiitri-.l part of the Stute. Tlio irrogii- 
liirity ttiid looU disappotirnnce of prtvilistiia- 
sippian strata in tho Wiisatch Mouridun-i hns 
hi'cn ftttribuU^d by Wofks ' rtminly fo iiondo- 
posit'ion, although Blnckwoldor- inentious "nn 
obscure and probnbly unimportant unconform- 
ity"" noar or iifcthcbuseof thoMississippiunenst 
of Ogden . No other ment ion bus been published, 
so fur lis thewriLor is awnre.of nny imconfoniiity 
at tho biise of the Mississippinn, but in the Tintic 
district tho Uthologic chtiracter of the Victoria 
quuvtzito and its slightly miconforniabh^ posi- 
tio3i upon tho Pinyon Peak bmcstonc, logolher 



Lho M'ji-^jitch ^Fountllins from Mount ?^obo 
northward to tlw Cottonwood district^ hnvo 
sliown tho Mis^issippiiin linie-stono resting on 
Jliddle Cimibriiin limestone «t several phices. 
In North Cunyon, in tho Mount Nobo ridge, 
rnul at Simtaquin the relations, to judge from 
lilhologic evidence, are much the same ns at 
Homansvilie Cunyon, in the East Tintic 
Mountains. In the Provo and vVmerican 
ForU districts the thiolaies-s of pre-Mississip- 
pian limestone is much less, and in places 
the Mississippinn may oven rest on tlie shale 
just above the Cuinbrian qnartziio; but in 
the Cottonwood diriUicI, 4 or 5 miles farther 
north, 1,000 foot of Devonian limestones are 
pr(«<?nt between ilississippian and Middle 
witii the general absence of the Pinyon Peak Cambrian strata. ■* No ov^Jdence of angular 



and the vai-iation ui thickness of the Blncboll 
doloniito beneath it, hidicato that an erosioniil 
unconformity exists. 

The present general uniformity ui strike, and 
dip of tho Mississippian Ix'.ds and the older 
stnita in contact tt*ith them sliows that tho pro- 
Mississippian strata must have lain nearly or 
quilo horizontal while the Mississippian wns 
being deposit^'d. They must luwo been ele- 
vated in hito Devonian time and submerged in 
early ilississippiim time, \rithont c^>nspicuoua 
folding. Some idea of the amount of erosion 
dui-ing this short penod of elevation can bo 
gained from th« variation in thic-liiiess of thg 
pre-Mississippiarj. strata. In the northwestern 
part of the Tintic qnadi-augle the Bhiebell doln- 
mite is at least 1,000 feet thick, but bi parts of 
the niinbig district proper it ;s only 700 feet 
thick. At Pinyon Peak it is at least. 1 ,100 feet 
thick and is ovorloin by 150 feet of Devonian 
Urawtone; at Homansvilie Canyon, 14 miles 
to tho southward, it is only about 500 feet 
thick, and this implies that a thickneijs of 750 
feet of strata was removed by Devonian and 
Mississippi an erosion. 

This amount Ls indicative of a moderately 
irregular topography and, together with tho 
general alienee of the Pinyon Peak limestone 
eJsowhere in the district, suggests strongly 
that tho miconfonnity extends far beyond the 
limits of the Tintic quadrangle. Tho evi- 
dence set forth bolow leads strong support to 
this statement. The writer's observations in 

'Wooka, F. B., and Perrier, W. F., Pbospfcato dopoJtts In wealcra 
fnUcd Sisites: U. 8. Gfal. Survfly Biai. 315, p. <J1, lOlK 

* BlnckwL'Wer. EUol, PhDi]ihjUc doposHs oMt ol Ogilcn, I'lah: U. 8. 
Oeol, Sun.-oy Dull. 430, p. iVj, lOlO. 



unoonformlty has been found here, but the 
absence of shaly Upper Devonian hraej^toiie 
may bo of some signifieaneo. In tho Uinta 
Mountains Emmons'' and Weeks" found the 
Mississippitm Ihncstono resting in part on Or- 
dovician quaJ'tzito and in part on Cambrian 
sbalcr, tho Ordovician pinching out. 

In tho northern Wiisatch'^ and Bear River 
PU-toau ' regions ull ages from Lower Cam- 
brian to JSfissLssippian are represented, and 
no unconformity has been re<;ognizcd in (hem 
Other than the obscui'c out) mentioned hy 
Blackwelder (see above), where Devonian 
strata aiiderlie the Mississippiaii. In tho 
Oquiirli Xronntains Butler ' has found only 
1200 feet of limestone?, )>resmnably Cam- 
brian, between tlie Cambrian quartzite and 
fosj^iliforous Jfississippian limestone. Here 
again no positive evidence of an imconforniit}' 
is known, Tho writer, during roconriaissauce 
work in ranges west and south of tho East 
Tmtic Moimtam.s, found only Cambrian and 
Mississippian formations and did not find the-^e 
in contact, except perha])3 along an obscure 
overthrust in llio West Tintic miniug disiiict. 
There are no data at hand to explain the 
absence of intervening fonnations ui these 

■ Lc>ut:tiUn, 0. V., Ucoouiiui^SAULO lu tbo muthrrti Wa-tnlcli Muun- 

lains: Jour, Gvo\o(y, voj. 31, j:.p, ■ii-V4.',-i, |tI3. 

<HSni«', 1'" F , )r., A (Mtilrilnillon iw tlw pMtoKy o( Ihir WiLraMi 
UbiJuUuis, IJlaL: New Yorfc Acori. ScL ■\iui'iK "ol- 23, pp. I'lviri, 
WX 

• t^QUUflDS, S. ¥., UlnLa Vouat'iln^- G<jol. Sac. Ami?ri<?i) Hull., v&], 18, 

p. ipjt;, I'-Ci. 

1 Wwks, F. B., SlfiJiirraphyaiid ^lnlCtu«o/lb(tl*inU RHUhiu: Gcol. 
Soc America PuU., vol. W, pp. iSMSi, lS«ff. 

> Blarkn-vlder, hitot. New ujilil on lti4> f^-oloeT ^^ ^^ Wusnlch .Moun- 
tains; GcoL Soc, .Vmcrici U>JU,vol.2J,pi)..">iaiJti«.:q.,iOI3, Biackivol- 
dfc's b^lion b biwwi on Lho wt^rfcof soveml wriWrs, w whom lie reftrs. 

• nuJiAwLson. C. B., AM, Jonr. Scl., ■llhi>^r., vqI.38, Jjp. *I»-I18, 1013. 

• Uuller, U. S., oral couununic-ailOB to lh« vrtter- 
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rirngo^. Til tho Lakeside Mountains, west 
of Great Salt Lake, the wTitor in a hasty trip 
fount! Jljysigsippian liraostono resting on betis 
simiJav to the Opohongtt (Ordoviciari) dolomite 
of tho Tinlic sedioii, but no fossils \rero 
found to prove tiie age of tht-ye beds, and there 
waa no opportunity to study the contact.' 
In tho San Francisco dista-ict, in the ^iouth- 
weslcrr. part of iho Stuto, Cutler ^ foiuid 
Ordovieiun, Silui'iaii,' and Devonian struta 
present in c(:nforniul>lo succession, aggi'o- 
gaiinj: about 9,350 feet in thicki-.fss, and con- 
formably overlain by the Mississippian. In 
tho Eurekn section of eastej-ii Xevadu. Ordo- 
vidan, Siluj'iari, and Devonian strata aio pres- 
ent, agp'cgatinj^ 13, OQ;) feet. An uiiconformily 
exists there within the Ordoviciao,' but none 
wa.s noU'd botweiiu the Devonian and Missis- 
Hipfjiim ("I.o\vei' Carboniferous"). 

The evidence just cited points to on eleva- 
tion during late Di'vonian tinui of land in the 
central pai-t of the State, but not in iLc ex- 
trtmio northern and MOutliern partw aud pos- 
sibly not ill tlio western part. The central 
area currespoiids rcasonablj' well with the L^tali 
laiid,^ or "positive element," in Schuehert'a 
pulengf>ogia]diie uiaps. Tliia land snlTored ero- 
HJon siiliicient to remove the Devonian com- 
pletely in 3omo nlaeea and much or all of the 
Ordnvieian in a few places, und it imdenvent 
a general sii!)mei^ene« in early Mississippi an 
timi'. The failure to find exposures of pro- 
nounced auguliir unconformity ill the Wasiitch 

fuuintry leaven I heevidenee notentirtdy convine- 
ing, but tiio dipsimiliirity between neigbboring 
atrat.igiaphie seetions in tho areas here notc<i, 
wlieTi wiusidercd in eonnoet-ion with tl^e more 
detailod evidence in the Tiiitie tiuc.<lrangle, is 
yt.rongly indicative of unconformity. 

It muy be of iiiterist before dismissing the 
subjret to refill] the evidence of uidift in cen- 
tral i:t«h at several periods during Paleozoic 
time. The tentative coirelation of the Opiiir 
formmion wi (Ji t tie Howell instead of tiie Pioche 
fornialioii of t .he House Range sugge^,ts a very 

•U»ui-. .\nt.k|, a.ot^yol.lm Kuwltudbtrtct. Kov.: V. 8. C«,l 
Btirvfy Alon. jo, p. jj^ j^ii " ""^ 

A»^" ,ri' !r ""■ ^'"''-P^.pl., fit .North AnKTL«L- C«« S^c 

AmMtM jMiu., vol. m MM, pi. n, mo. 



sbght elevation of the present Tintic district at 
the end of Lower Cambrian time. The much 
smaUer total thicltness of the Tintic Middle 
Cambrian section in eomparibon with those of 
the House and northern Wasatch ranges, 
though not otlering eonx'iueing evidence, nniy 
imply an elevation in central Utah during a 
great part of Middlo Cambrian time. The 
Cambrian-Oidovician uucnnformity in tho 
Tintie district is proof of another, possibly tho 
third period of local elevation. The ttl>senee 
or at least tho marked thinness of Silurian ami 
Lower Devonian dolomit<> in the Tintic district 
indicates eitlier li local emergence of land or u 
shallowing of tho sea between the Ordovician 
and late Devonian. Tho Devonian-Missi&sip- 
pian uneonformity nrarks possibly the fiffli, 
and,' according lo available evidence, the most 
extensive omci'gcnce of land in central Utah 
prior to tho deposition of llis&issippian strata. 

CAHBONlFEnOUS SYSTEM (m1SS19SIPPC\\ 

SKRIKS). 

VIOTORU OrARTZITE <LOW£R M1B5I5SIPPIAN). 

DldTIireUTIO-N AND TiriCKNKSS. 

The Yictorai quart/ite, named tVom tlie VJc- 
tona mine, is of small but variable tliiclaiess 
and includes alternating beds of Lmy qnartzite 
nnd t^iheeons limestone, some of them con- 
glomeratic. Tliey are notewortli}' as the 
mnrkerrf of an unconformity between the iUs- 
sisaippian and older strata. Tliequartzi tic beds 
do notforra conspicuous outcrops and m-e easily 
overlooked; furthermore, their succession and 
composition vary from plae^ to place, and in 
some exposures at the proper borizon distinct 
quftrt;:itic beds may be missing. Scattered 
outei-ops have been noted from a j>oint near 
the north boundniy of the diatriot as far south 
a.s the sh)pe below Mammoth Blufys, where it is 
cut off by a strong fault which on its south 
side has carried all post^Ordovician strata abovo 
the present erosion sui-fuee. 

Tho thiekness of the quartxitic beds on the 
slupo below Miiminoth Blufl's was measured by 
Tower and Smith " as follows: 

26. Samiy limestoiie, quarlzitit at base 10 

2."). Gray limE-^ir.e 25 

2-1. Sajidy UmealoDe and quartzite 50 

m 

On the spur lietweeu Eagh^ and Gardner 
canyona a zone of approximately the same 

*Op,cil.,p. OK, 
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thickness contflins conglomeratic beds in nddi- 
tioii to those of quartzite and sand v iiiricstonc. 
Oii the north wiJl of llomansvillc C-imyon, in 
its jniddJe porf.ion, about 250 feet iibovo the 
railroad, the horizon of the beds is rcproaonted 
by II few sihhU exposuroii of conglomornlic h^ds 
Lhftt separate lossilitVroua Mississippinn lime- 
stone from Middle Ordoviciim dolomilo, but 
thebo beds csui not bo traced :iny eonsiderablt; 
distance o%vinji: to the talus and brush wliich 
cover the slopes exlcndiug northwnrd from the 
cimyon. Along i!io raiJrond two-lifths of a 
mile farther east the liorizon is miirked by t-wo 
or (.hree quartzitc bed^, 2 to 4 fcc(. tliick, jilter- 
nntin*; with linioslone; tlie lowi^^^t quart-zirc bed 
rests on Ordovieiun dolomite. East of the 
aumniit of Pinyon IVnk there is only one limy 
quartzitc bed, less than 2 feet thick; on the 
nortli slope of llie peak there are two fhin 
qnartnite beds sei>anited by one of limestone 
conglomerate containing lighl-gray stil)angu]ar 
pebbles that roaembic tho llgliter memlwi's of 
the. Oi'dovician dolomite. Tliin hcda of qm^rtz- 
ite also mark the base of the Jlississippian on 
the long spur 1? mile-s north-northwest of the 
summit of Packiuxl Peak, but sueli beds ore 
oither absent or ronccHlcd elsewhere in this 
part of the quadr;mgle. A thin qunrtzit-ic 
band, in nearly the .samestratigraphic position, 
was also noted or, the ric^e south of tlie 
Seranton mine, in the North Tintic tUstrict. 
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The qiiartzito bcda in the Tintic district 
proper arc of light-yellowish to pale-brownish 
color on weathered siu-faces and may have a 
very pale piak tinge on fresh fracture. They 
are mostly of line, eveu-gniined texture, but 
thoy include small qunrtzito pebbles an ineli 
or more in diameter. On the appliontion of 
dilute acid the rock snows slight to niodcrn.te 
effervescence. The quartzite pebbles may liave 
been derived from Cambrian qunrtzite, but it 
ia possible that, in part ov wholly, they repre- 
sent Ordovician or Silurian strata now com- 
pletely eroded, as Ordovician quartzite is 
present in the northern Wasatch Moimtains and 
the San Fi-ancisco district, and lato Ordovician 
quartzile occurs in the Kureka district, Nevada. 

The limestone ranges from fine and medium 
even grained to conglomeratic, ami tho cotti"scr 
beds contain limestone pebbles as much as 2 
inches in diuraeter. The pebbles nrc mostly 
of bluish-gray color, but their weathered sur- 



faces are yellowish, pinkish, or reddish. Both 
pebbles and matrix ore dolomitic, the nintrix 
containing a varying amount of quartz grains. 
Tlie pebbles for tho most part, are of the same 
general tyi>o as the BJuebell dolomite. 

fmi.\Ti<;nAPuic posn-io.v. 

^Vlfhough no fossils have been found in this 
quartzitic zone, its presence at the base of tho 
Missis8ij)pian hmestone and tho evidences, 
already riled, of an unconformity beneath it 
show that it is the basiil formation of the 
Mississippian. 

aAJU)n£R D0I.OM1TE (LOWER MIS3ISSIPPIAH}. 
DIPTlUnUTION' A.ND TIUCKMKttlt. 

Tho Garducr dolomite is recognized tis a 
distinct formation because it contains a great 
variety of recognizable fossils, most of wliich 
were found on the spur west of Gardner Canyon. 
It is well exposed on (lie. eastward-slopLug spurs 
north of Packard Peak, but between that 
locality and Eureka Gulch it is mostly con- 
cealed and the thin strip shown on the map 
(PI. IV) is rc<70gnizable principally because of 
its position cast, of the Victoria quartzite. 
From ICurelia Guleh it extends southward to 
the slope below Mammoth BluQ's, whore it is 
abruptly cut oCf by a strong zone of cast-west 
faults. In the East Tiutio district, it is poorly 
exposed on the ridge south of Burriston Canyon. 
It tdso forms the summits and western slopes 
of Piuyon Peak and (he hill immediately south. 

The top of (lie formation la mapped at the 
l>ase of the lowest exposed Idaek cherty beds 
of the Pine Canyon liraesloue, but this is only 
an indefinite boundary where, exposures are 
not continuous. A i^lack shsUy bed about lOt) 
feet thick and at. about tho same horizon would 
be a better boundary marker, were it not so 
poorly exposed. Wlicther it lies below or 
above the lowest black cherty l)ed has not been 
determined, but its presence imlieates approx- 
imately tlie to]> of the Gardner formation. 
The true thickness of the formation is not 
known, both l>ecause of the indefinite upper 
limit and because of tlexnres and faults which 
ore known to exist but which are too obscure 
to be mapped accurately. The section meas- 
ured by Tower and Smith duriug the first 
survey shows a loickness of only 435 feel 
between the Victoria (piartzilc and the lowest 
black cherty beds. This amount may be-too 
small, owing to the possible oJimination of a 
portion of the strata by {ymcealod north-south 
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faulting. Bast of Eureka Peak, on the other 
hand, the apparent thickness is at leiist 800 
feet, but this U evidently due in part to repeti- 
tion by the Emerald-Grand Coritnil faidt, 
whoi50 exact position at this place h ooiiceaJed. 
The lliickness exposed in the Yankee shaft Js 
about 700 feet, but no heda corresponding to 
the Victoria beds have been cut here, and this 
amount must be considered only an approxi- 
mation of the true tluckaesy. 

LrrnciLdCV. 

Tbo greater part of the formation is fine- 
grained gray to dark bluish-gray dokmiitc con- 
taining an abundance of siliciiied fossils. 
Small chert nodiilos are pr&sont in some beds 
but arc no\. especially conspicuous. Intei- 
atmtified with tlie dolomites are a few beda of 
black dense carbonaceous limestone. East of 
the Vicloria mine the rocks are much fractured 
and conlmn vcinlets of white "sparry" dolo- 
niitn. Bolh the dolomite and the limestone, 
when dissolved, k*.ave an abundant residue of 
lino sihceous graius (mostly fossil reniiiant-s) 
and ciu'houacooufl material. They leave an 
oily (iJm on tho surface of the aolutioo and give 
a pronouiieod odor of hydrogon sulpliide. 

At or u<^ar tho top of tbo formation is the bed 
of bhitjk IiigliJy carbonaceous and pyi'itic shaly 
Uinestonc, mentioned above, which is about 
100 feet thick. It is cut on the 500-foot levels 
of tho Northern Spy and Iron Blossom No. 3 
mines, tho 900foot level of the Beek Tunnel 



Spirifer (tcnlrooatua. 

Spiriier.Hp, 

Syiin^oponi siirciilariLi? 

Compoaita humi lia? 

Itcticukim?sp. 
Lat 2, from tho wailiwest slope of Codiva Mountain be- 
low the trail: 

ZaphroBlLa. 

SjTiLigopfira surcufejiiv. 

CoDQposita hiiniilis. 
' Lot :i, froDi Ihe low \mh about- 1,500 feet X. 80"* E. of 
the summit of Sioux Peak : 

SyriDyopon aureularia? 

Aulop:)ri ep. 

'Conipomita humilia. 

Euoniphalusluxu». 
Ijoi 'i, from the top of the in;iin pa.^t-weyt ridge due south 
of tbe ScrantoD uiinc, North 'I'lutic district : 

Cyatodictya ap. 

Clionctcs iilinoi^iuiti. 

Clioibjiidinaaff. C. hirauta. 

CoDocardiu m ap, 

EuoniphaluB luxua. 
-Although nuifl of t^e collfK/tiona taken indiWdually are 
almost too fiuittll to permit a patisfactory dot^rminatinr. of 
their |w>logicagry, yet taken together they indicate- it with 
reasouablo cleaniGsy, * * * Lots 1, 2, and ■!, ■* • * 
which I understand wcve obtained from tbe same formo- 
tii.in, give a c«nihiin>d fauna that can be recognized vith 
6ome tortaiiity aa incUtating tbe horizon ot the Madisau 
limf'atoue. Similarly lot ;* showa pretty cluarly tho same 
faciw, that of the Madteon, 

Comparison with Spurr's Morcur soctiou^ 
siiy^ciSts the correlation of tho black carbona- 
ceous bed at Thitic with the upper black shale 
bed at. Mercm*, whose tliiolcntss is somewhat 
more than 100 foot, but it is by no means cer- 
taii\ that, a bed only 100 fecit thick poi-sista 
tliroughout tiho disttmc-o of about 30 miles 



PIHE CASYON LIMESTONE <LOWEB AKD UPPZK 
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Ko. 2 sliaft, and the I, .300-foot level of (be Yan- 

kno abaft, but it is not well cxposcdat the sm- botweVtho Tintic and Morour districts, 
face and its exaet ^tratigraphic position is not 
knomt. Tho top of tliis bed forms a watcr- 
cour.-^o in ihh Yrtnkco mine. A sbnilor but 
thinner bed is rut at the i,S00-foot level of tbe 
Yankee mine. These carboiiuccous beds dis- 
integrate retKllly and are likely to be covered 
by loose detritus or soil on the surface slopes, 



COURKLATIOX. 

Fos-^ils in tlio Gardner dolomite have been 
found at four difTcrent loctilities and have boon 
determined byG. H.Gu'ty, of the United States 
Geological Survey, iis follow;.: 

Lol 1, from tho Itat wpur ou (h« west side of Gardiicr Can- 
yon duo west of ihc wiutbweat aununit of Godiva Mountain : 
Zaphre»fi.-6p. 
Olisiiiphyllum up. 
CrinoidBteuis, 
Orimmlol fnigiUBnta. 
Camarofoectiift ap. 



UlarnlUUTION and THICiKNRPS. 

Tho Pino Canyon liniostouo makes up tho 
greatm- part of Godivn Mountain, Sioux: Poak, 
and Mammoth Peak, It crops out continu- 
ously will\ steop or vertical dips from tho north 
base of Godiva Moimtain as far south as the 
oast-west fault zone east of Manmiofch^ beyond 
which relative upward movomont due to the 
fault and subsequent erosion have wholly 
ruiuoved it as woU as tho Gai-dnor dolomite. 
In Pmo Canyon, botwooii Godiva Moimtain 
and Sioux Pe-ak, and again oast of Mammoth 
Peak it win be followed oastwnrd boneath tbo 
Himibug formation with flattening dip U> nnd 
beyond tho Eureka Hill Railroad, whore it 
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crosses the synclinal n.xia and is oxposnd loii- 

tinuausly, with a gonUo Wf^torly dip, from ihv 

Yflnkofl niLao on Iho nart-li to tlui >t!X)ninoth 

liuilt zono ou tho south. It is bounded tni t-l\o 

Dorth and oast by tho ovorlying volcanic rocks, 

excopli e:ist of Lho Colomdo niinos, whore (ho 

iiiidi'vlying Gnrdjior dolomlLn is exposed. It 

also oc^tiu-s oxtonsivoiy in the norUiorn part, of 

tho quudrtinglG from (ho spui-s wo&l of Kromont 

Cttuyon eiistward to tho summit of Pinyon 

Pwk. 

Its thicktitiss, liUo tiiHt of tho Gardner ilolo- 

mifo, onn not bo accurntolj detormim^d, hut 

estimates bused on tho sections in tho Bfa-k 

tumiel N'o. 2 and Yankee shtiftH give about 

1,000 foot. 

UTHOtOGV. 

Thorc are two principal variolic^ which ahor- 
nato iiTcguhirly throughout. One is a noiirly 
blii'U, donso, nithor thin-bedded limestone con- 
tain iiig liii^o nodules of black cbort, many nearly 
a foot in diiunoter, nnd a few tliiii beds of black 
cherf . Tho lnrj'est nodules ftre found ftlon^r Mie 



CORBEU-nON. 

Poorly prosoi-\'(.Hl fraginonts of fossils, ino.'itly 
Zaphrtuiis, aro srattored tiirough t-ha eherty 
b<Kls, but none of certain strntij;:mphie value 
were found. The fruj;;menty in tiio coiirso- 
gniined lin»ei*toni'. are niesl.ly not doterniinahlfl, 
but two species from lot 121 were determined 
by Mr. Girty us ZaphnntU sp. find BatoatG- 
mdta? sp. MV- Girty stiitos that this lot, 
though ropr&senlin*,' \'ery few specie^, apptwi-s 
to hIiow a differoiJt faiuia from the MadisoJi, 
and h(t rofei-y it tentatively to tho supper Mis- 
sissippiun. These meiigor data are supported 
by more substantial evidonc<i in the southern 
Wasatch Momitains just oust of Santiu(uin, 20 
mil&s northeast of the Tiutic district, where 
in a socl ion of the same litho logic chnrftcter un 
abiiudnnt fauna, collected by the writer in 
in lOti and determined by Mi\ Girty, raaUos it 
possible to correlate the greater part of the 
oherty beds dofuiitoly with tho Ahuiisoii linie- 
Htiino, nnd tho upper part, iueludiug tho eorwsc- 
gniined Hniestone beds, tentatively with tho 
upper Mississippiini. According tf> this ovi- 



top and west slope of Godiva Moimtaiii, ospo- donco, tiio lower and perhaps the greater part 
ciiilly the southwest summit. Tho base of of tho Pino Canyon hmestone is of Madison ago, 
tho formation is drawn along tho lowost ex- hut at least fcho upper 300 foot is tentatively 
posed chcrty bed, but it is not cevtaui that tho 
lowost bed of nil is overvwhere exposetl. Tho 
choity beds brwik up on \\'««thenng into angu- 
lar blocks of vaiying size. 

Tho other variety, wliieli is oconomicftlly the 
rnoro interesting, is most conspicuous in the 
upper l>eds. It is of medium to light gray 
color, niotlium to luthor eoai'se gniin, and dis- 
tinctly crc^s-beddod. Ci-oss-bcdding is ospo- 
cirtUy tlistinet hi tho walls of Piue Canyon 
nkuig tho wagon road. Tho rock is a nearly 
piini limostono, dissolviiig rapidly in cold 
dilute hydi'ocldoric acid and leaving practically 
no residue. An analysis, quoted from the 
Oftrlior report,' is as follows: SiO„ 0.57; FcjOj, 
0.90; CuO, 55.22; MgO, 0.41; CO, (c.dculated), 
4.T.S4; total 100.94 per cent. Small frngmeiits 
of fos.sils are- ahiuidant m it and as a rule are 
oaail^- detectod. The ore bodioa of the "Colo- 
rado clitwmer' and of the Uncle Sam, YaJikeo, 
and May Day mines have been formed l)y the 
replacojnont of a bod (or beds) of this variety. 

Bosidoa thotio two variotios there are intor- 
niedittte phases, such as black noncherty bods, 
chcrty coai-se-grnined heds, and fine-grained 
light -gray beds. 



' Toww, 0. W.,Jr.,i>ndSmllb, G. O.,op. cit.,p. G2fi. 



regarded as upper Mississippian. It is not 
pos-siblo to sepamte the bods itsaigiuihle lo 
these two horizons in the field, liocause of the 
scarcity ef determinable fossils and tho abun- 
daiine of cberty beds altc'niatiiig with and over- 
lying the ooaj-so-graiuod beds and jieinisting 
oveu in tho ovnrlying llumbng ferniation. 

KUHBUG FOBUATION (TTPPER UISSISSIPPLAN).. 

Tho Humbug formation, whiclt consists of 
fllteniating sandstone, shale, and Umestouo, 
is limited to the east slopes of Godi\'a Mountain 
and Sioux Peak and to tlu'ee small areas near 
tho north edge of the Tintie quadrangle (PI. i) 
east and west of Fremont Canyon. The follow- 
ing section, showa its thickness nnd alternations:" 
Hniinn of Ilmn!m<}i fjntiatUm an casi .i[o/ir of Siovr. I'lak. 

Brown (juari/itJciiaudBtoue 12 

Black i'oK«!ifcratw limesloo* 25 

BrowT. sMittrttono » 

Bliw limestone ■' 

Brown sandatooe, in pait q»artzitic W 

Bhiish-t-Tfty limeatoue 3 

l^ftud.stoiie and limestone '30 

Roddiahfiaadstooe 25 

Gray aandy liineatone ti 

Sandstone i 

I-ight-brown sandy ahale 30 . 

250i 



'I<U-m., p.fiK. 
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Tho different membcra are intercalated lenses 
and the succession and tbickiiesaes on Godiva 
Mountiiln are raucii different from those 
shown in the above section. The base , is 
definitely di'uwn only wliere tlie lowest sandy 
or shaly beds are exposed, florae limestone 
members near tlic I)iisc may closely resemble 
beds of the underljing Pine Canyon Urac- 
al-me, iind the boundary may easily be WTongly 
lociucd where the bottom ^nndy or shuly bed 
is concealed. The higher limrstone beds nrc 
diii'k blue to black and very tine grnijied to 
dense. The saiidHtones are {T-'ceniah in coloi', 
weathering browTi, and consist of rounded 
quartz ^-nins ctMuonti'd by calcite. Fossils 
eapeciullv fragnients "f Zaphrenlin und of 
crinoid sterns, aio iiinnerous. 

The 2rj0 fnc't. of stnilu fonii but the lowest 
part, of jm extensive fonnaliou ropresented 
at Nfercur by the ''upper intercftlaled series'' 
6,000 to 6,C00 feet thick^ tliC upper part of 
whieh, nt least, is of Pennsylvaiiian age.' The 
lowur portloas, however, and perhaps tho 
gTL-aU'r part of ttiis formation conies upper 
MjMissipnian fosfils (collected Ijy '.lie writer 
in 1912 and determined by G. H. Girty) in 
tlio Lake .\[ountuiii.s, we.st of Lelii ami .'iO miles 
north-northedst of the Tintic district, and in 
the Wasatch Mountains, southeast of the C-ot-- 
tonwood district. The "intercalated sericH" 
thus iippoai's t^) mark u transition from late 
Mississippiim to early Ponn.syIviuuan time,' 
aiul tho Himibug formation, wliicli represent*? 
itvs basal bods in tho Tintic district, is therefore 
to bo iissijijucd to the upppr Xtssissipinun. 

IGNEOUS ROCKS. 

OENKKAL rE.VTURHS. 

Tiie grefttcr part of tho Tintic quadrangle 
(see PI. I, in iMicket) ia covered by igneous 
nicks. Tiiese are mostly effusive but include 
a few necka or stocks and dikes. Tliej con- 
aist for tltc most part of rliyolite, moiizomte, 
latitea, and pc rlmps andesitos, wi'h minor 

» l»!"irr, J. K., op. cU., p. ;i7T, 
CJ *. '"" dct.,na,H., by Mr. only a. ^.rly r™a,,lv.S 



quiin titles of basalt. The order of eruptiou 
is not perfectly blown, foi- during neither tha 
first nor the second suiTcy was there sufficient 
time for a thorougii study of this problem, 
the solution of wliicli would require considerable 
in vest igii lion of areas remote from the mining 
districts of the Tiutic quadrangle. The present 
\mUM''9 study beyond the limits of the mining 
district wiis confined to three reconnaissance 
trips — one southward to Sunrise Peak and 
Volcano Ridge, one eastward along the northern 
edge of the main hitite-andesite area, and one 
along the rhyolite-latito coutact southeast 
of llomansville Onnyoii. The evidence found 
on these tiips accords closely in all essential 
points wit'n the cnncluaiou-s publislied in tho 
oarlior report, and the only noticeable difFer- 
enee is that it afl'ords data for a somewhat 
more detailed mapping in certain plaooa and 
for the recognition of un carHei- and later series 
o( andesitic flows. Tho scqueace of eruptions, 
90 tar as known, is as follows: Enrly latite or 
andesitc, rhyohtcs, main latite-and&site group 
and monzonite, liasalt. 

TIio gentle dips of the flows and their con- 
tacts with eroded or even talus-covered scdi- 
montary rocks show that, the emptiona took 
place long after the sedinient^iry rocks bad 
been foUled, fftiUted, and eroded into topo- 
gi'iipliic forms much hke those of to-day. 
Some extensive faulting, howe\'er, synchronous 
with that wliich developed tho Baain Kanges, 
took place after the eruptions. 

EAULIDTl BlOTlTE-AURnT. r.ATlTB OR ANDESITE. 

-iUtiiough uo woll-dofined outcrop of andes- 
itic rock oMor than thorbyolito has been found, 
the e.\istonco of suoli aj'ock has been proved by 
microscopio study. Specimens of this rock 
wore fomid on the dump of tfie Crov-n Point 
■shaft, oast of tho Euroka Hill Railroad, near 
tho head of tho gnlch which marks tho south 
boujulaxy of the silicified fliiidal rhyoHte. Tho 
shaft evidently passes through the rhyolito into 
tho undositie mck. Inclusions identical iiL 
microscopic character with tho andesitie rock 
arc present in the rhyolito, thus proving the 
oxisl-enco of a prerhyolit© nndasito or latite. 

Exposures of iiighly altered Java that prob- 
ably belong to this ujuher andesitic flow hiivo 
betm noted boneath tho rhyolitic tuff at the 
head of Ruby Canyon and beneath tho Packaid 
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rliyolito, a milo farther north, nt the bend in 
Burriston Canyon. Tlio rock ui these oxpo- 
suro-j^appoai-s (.ohavo been originally niiandosiU 
or laUte but is now too Uioruuf^hly bloacliod by 
sorioitizatiou and kiiolinization to bo more 
dofijiitelv detormincd. 



mmorftlj^ and thoir altonUion products, and 
probably „ Hula ghi.^.s. Sc^mo of tho distinct 
plagiocln.sc liitlis jiro j)oikiliticftlly onibeddeil in 
nnitorial of sli^dU-ly lownr birofringonco and no 
defuiito crystjil outlino, wliich appoai-s liko 
ortboclase. TLnoxtroiUQlineniissof tho"round- 



aiK, rock Ims a <;urk-purp].shon<v,rly black nniss provmts any (vstimaLo of th.. relatire 
color, woathormg to pain pniK,sli, a d.^se, , qunnMty of tho two foKi.pui^, and it is nof 
^aoly porphyntic toN-tun. and It fm« fl^^^^ wbotbor iho rock contums ouough 

striicturo so , ko that of tho flu.dal rhyoUU' , ortbocloso to U ri,ibso<i as a latito 
that in tl:o field tiio two rocks wore boJitn-cd to 

be the same. Tho visible minerals aro pla- urrvoLiTEs. 

gioclaso in latb-sbapod crystals, 2 to 4 niilli-! 
inotwrs long, witli prominent twinning stria-' 



sunDrvisioKs. 



tions, and biotito in niiiiuto, jworly dolinc.d 
flak(is. Small ca\'ities mark tlio former prcs- 
oiico of anotiior mineral \\"bich iho nncroscopo 
proves t-o bavc been au^it« altflved largely lo 
calcite. A little .sccoiulary tjnartz is present 
along tlio flow linos. 

Ln the ono thiii section >;tudio<l tho flow struc- 
ture is not noticoablo oxeupt aixjund tho pheno- 
crysts. The plagioclase is zonal and shows 
both Carlsbad and iilbitc twinning. Extine- 
tion angles iu .sootions normal to the twinning 
plane uidicato an average composition near 
Ab-„.3..\ji^^wj. The oxtinclion angle on it 
010 section indicates a cx>mposition for tlio 
imierniost. zonoof Alv,Ajii,5. The ciystjvls as u 
whole aro very free from nltoralion, but a few 
have gone slightly to calcitc and sericite. The 
biotite forms automorpliic crystals about 1 
niillimeter long showing dark roddisli-brown to 
nearly wbito pleocbi-oism. Ba*«d sections are 
tlistinctty mai-kwl by needles of sageait-e 
(mtilo). Some crystals arc altered slightly to a 
fine cbloritic aggregate (dolessite if), and aU 
have altered to Union ito along their(«Iges. Tho 
augito is nearly all altered to pseudomorplis of 
ealcito with more or less chlorite, but enough 
is left to prove its identity. Tho original min- 
eral foi-med short antomorpbic piisms from 
less than 1 to about 2 aiillimot<ii-s long. Mag- 
netite and apatite are prorniuont as micro- 
pheuocrj'sts, espociiiUy within and close to tho 
ftugllo ciystals. Tlio magnetito gmins range 
from more specks to irregular grains nearly 1 
millimeter in diameter. Somo of tho lai^er 
grains appear like accretions of several small 
grauis and poikiliticaUy inclose apal.ite, small 
plagioclaso iatbs, and small patches of gix>und- 
mass. The groundmass is composed of min- 
ute foldspar Jaths, fine granules of tbe mafic 



Three \ai-go areas of efl'usive rhyolito and on© 
nf iiitrusivo rliyolite w^ro muppod during the 
earlier survey. Tlio southerjimost ofl'usive 
body, cuUetl the PWnow rliyolito, lies mostly 
to tho south of the Tintic quadrangle, but its 
north edge is |i mUes north of the southern 
boundary, and scattered outUere aro mapped 
as far iiortli es Volnino Ridgo. (See PI. I.) 
The northernmost body, to which no spueifie 
name was given, lies north of the quadnuigle, 
except f(tr a narrow pmng at tho northoast base 
of Pinyon Peak. These two bodice of rhyolito 
were not studied during the reoe?it survey. 

The other efl'usive body, called tbo Packai-d 
rhyolito, and tiie ijitrusivo body, dosignatwl the 
Swansea rhyolito, are (Icseribod below in detail. 
Besides t licwo, two minor occurrences of rhyo- 
lito, dc3ignat,ed nariier rhyolito ujhJ rhyobte of 
Tintic Momitain, and one of rhyoUte tuff have 
been distinguished. As tbe earlier rhyolito 
and tbe tuff are older than tho Packard rhyo- 
lito tlieir descnptions are given fii-st. 

EARLIER RHYOUTE. 
mSTltlOUTION A.Vn STMUCTURAI, RBLATIOXS. 

The earlier rhyolito, a silicified rock of 
fiuidid structure, has been found at two places 
^ou the broad, low spur slopnig eastward 
from tlio <^ast base of Mammoth Peak and noui" 
tho north end of the mahi latite-nndesito 
rrdge, about 2 miles farther east. Tho onjy 
other evidoncc of earlier rhyolito is a (bin 
section cut from a specimen coUeeted w«st of 
Tintic Mountain dui'ing the earlier suivey. 
In tho spur east, of Mammoth Peak the rock 
is well exposed along and just below tbe 
Eureka Hill Raih'oad, across the draw from 
the Iron Blo-ssom No. 3 mine. Hero its flow 
lines dip goully eustwttrd. Tho gi'enter part 
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of the spui- is coveruti only by flout, tho iden- 
tity of most of whicli is obscured or d(!stroyod 
by bleaching, but rcco;.'ni/.ublii specimens uro 
scuttorod ov&r the whole tneu, Tho boundary 
of the earlier rhyolito is therufovo only up- 
proximate. At its weal end the rock overllp,s 
iiine.stone and is overlain by isolated patches 
of rhyoHlic tuiT mul Puckard rhyoHte; to the 
cnst it appenrs (o dip boncatii thp saDfic rocks, 
but the structure is ohsciirfid by the jire'^enec 
of nionzouite porphjTy of doubtfid occuiTcnce. 
Tiio other body of tho cjirlic'r rhyolitn lies 
Hoiith of the East Tintic Cunibriiin limestone 
urea. It bus not boon mapped in detiiil but 
h»s lieon found to underlie the rhyoUtic tulT 
fljid PuckiU'd rhyoUU' til the Iwo places where 
tho biisc (pf the I'ackurd is oxpo«ed — one iit 
the citsternmost outcrop on the creyl of the 
I'idpo and thn other close by the Silver Pr.ss 
roud at tho west Imyo of the ridK*^ '^''^^ 
relation, together with tho pcirogi'uphic char- 
aeler of Ibo roek, justiliey i(s con-elation with 
thitrjtyoiitu just described. The distribution of 
outcrops of tlio earlier rhyolito and still more 
of Uie Packard rliyolilo proves the exi.sle.uco 
of several rndlls in stcjiliko iirrangement from 
tiio Sdv<'r Pass rojid cuytwurd. Tlie roIaLivo 
downward movement in ench fault has been on 
tile wes!, siJoj exiiopt ulong (he cjistenimost 
fault fumnl. Here (he east wall has moved 
reJalivcly rIo\\'nward, «iil.tii)|r off the rhyolite-s. 
This fmdt is tho strongest evidimce of i>ost- 
voleanic faulting yet found iu tiio Tintic 
quiuhan-ili* iiiul has prodncod a local dovelo])- 
mcnt of '■ Basin Jlangcslvucture. 



wavy voinlofs of chalcedonic quartz, Inchlv 
altered pheuocr\'sts of fcldspur nnd Iiiotite 
and inclusions of latite or andesite. The 
feldspar pJionocr>-sts consist of oligoclase and 
sixlic sanidino, thouj;ii rao.st of thorn nro too 
tliorou^hly altered to lie properly idontifiod 
No cjunrta phenocry^ts woro noted. The 
biotite is .so much altered tbrtt hardly a ^nin 
retains its original chtiracter. Mngnotito and 
apatite are pro^ont, the latter in typical woU- 
formed prisms a-s much as 0.5 millimeter long. 
Tlie alteration products, besides chalce- 
donic quartz, are sericite, clilorito in very fiim 
radiating a^'j^egale?, a littlo naagnetiift or 
specular lioniatile, and more or loss kaolin und 
limonitft. Tlio clialccdonic quartz, iu vcitJets 
and microgoodcj?, occm-s alone in and also inter- 
mixed witli tho other Mcondary miucnUs. 
Serieite with chalcedony and a small amount of 
cUorito replace (he feJdspars. Cindeedony, 
cldorito, and magnetite or spenulunte in t^ary- 
ing quantitiis replace the biotite. Kaolin and 
ILmonito occur in tho altered feldspar and bio- 
tite respectively. 

RHTOUnC TT3IT, 



LiTi:nt(Kiv. 

Tho freshest nniteriid fumid is of a medium 
brown eolor, which pades (oward pm-nlo and 
pitik. \\]n'r,^ llio rock is complolely Shoved 
hyKilinfimtion and kaoiiuiz„tion it is blea.thed 
to a white color more or less streaked by 
i-ustystauis. lis toxtm-n is d(,„so and slightly 
to mclerately |>orphyririr, but its mo^t slrik^ 
m- eafuro is (ho pei^isient fine flow stnicture 
marked by short dark undulatiug streaks, 
rhe v,sd>le nuncrals „,« dtered feldspar and 
hiotitcn. er^^tBl, averasmg about 2 milli- 
melei^ m diaiaolor, nud s^oadary chalcedony 
01 epal, wluch has h..,n deposited abuK flow 
- and which has „,r,ly replaeed .ome of 
I He leklspRrs, 

In thin section the roek i. principuUy ^ 
brown ghuss s(reaked by small n„L Ind 



Volcanic tuft containing quartz is found both 
below and above the Puckard liiyolito. Oidy 
that below (ho rhyolite is described under the 
above heading. The upper tuff is doftcribod on 
pui^es 54-60 under the beatliag ''Latite tuff." 

Tiie rhyoHtic tuff lia.s been found in scat- 
tered locftlitics oast of Knightville, eiist and 
southeast of Mammoth Peak, und farther oast, 
where it ovevhes tho earlier rhyoUle. At 
e\xry phice except the soutlienuuost it under- 
lu-s the Packard rhyolite, being exposed oidy 
wUen^ the rhyobUi has h(nw tiouipletoly re- 
moved by erosion, but at no place h:is the 
whole extent of an exposure been mapped. 
The southernmost exposure, at Sioux Pi^s, is 
thoroughly bloaehotl and so confuted with 
bleached spherulitio und porpayritic I'Ock, Lho 
latter apparently latito or lionzonite por- 
Pbyry, that its stnicturai relations can not ho 
definitely dotermi-ned. On the aoutli slope of 
«us spur, at tlio southernmost limit of tiio 
BluebeU dolomite, a littlo (loat of bleached tuiT 
vvas found, indicating a former extension inv- 
thor south. 

The freshest material, found above the eastr 
emmost occurrence of earlier rhyolite, is of 
hrownish e^lor and fine to rather coarse graia 
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ami i& rorap«vsed of ^iislmcl grains of foWapor, 
quartz, ftiul biotile imtl frrt^:meiits of glussy 
rhyolitic an<l Inlitic groimdmasa. Most of the 
oxposiires, howovor, arc ccrociiisii o\\'ing to par- 
lifll alteration or bloncheii to wliito by siliciftoii- 
tion foUowtni by kaoliniziition. In tlic blHi^obtxi 
matoriul quartz in scattoroii i^rniuiUw is tlui 
only rocogniziibl(j niinonil other tlnin kaolin. 
The bloachod t'jft' is wol! oxpostxl in the raiIroa<l 
out oast of tlio Iron JBIo^^som No. 3 mine. 

PACEAKD aHYOLITE (TOSCASOSE). 
DiSTIUbUTtOS ANP STrdHTlHAT. HEIATIONS. 

Tho Packard rhyolite covors an :ima of IS to 
20 squaio miles nortii ami c^ost of Eureka. Its 
hoiuulary is vory irregular, owing largely to 
tho iiTogiilarifj' of the surface of the croflod 
tnulorl^Tng lim.<^tone and in the oastom purl 
to the incomplete removal of liie ox'orlj'ing 
audesittvs. Its westcnimostoxtroraity, at Hat- 
field Canyon, ehnuly ovorlics tho limestone, 
and tho noigbboring small and thin outliere arc 
probably ronnianta of a onco g^i-cater mass. At 
Packard Peak, less than a mile to Uic oniit, tho 
rhyolite is from 800 to 1,000 foot thick (soy PI. 
VID, A, p. 18, and PI II, section A-A', in 
pocUot) and la of vovy uniform texture, the 
only irregularities noted being a few small 
biclusions of Idcuched rl.yolitic tuff a few incites 
in diamotor. This gi*eat thickne&* and tho 
uniformity of clioracter suggest strongly, as 
sttUed in the earlier ropoit, that the cotitor of 
eruption uudoTlies Packard Peak and the ridge 
just east of it. The follo\vuig paragraph is 
quoted from the earlier report:' 

The absence of auy bedded slniciure in the centnU por- 
tion of the art-a and the great tijickness ai the rhj'ojtc in 
tlio vii-inity of Packard Peakeug^l timt thin is l.ha ceDt«r 
of an cniption which wag of (he nature of an outwelliac; of 
viscoiia lava, rather than of an explosive ejection of vol- 
canic material. Very Uttlc truly ira^meutal material in 
found in iii<aociation with these rhyolitic Howa, yet much 
of the rhyolite showa tnicGs oi 6ow brecoiation, aach m 
might he os.pected to orcjr in tlie eruption of a hi^Iy 
viecoua lava. 

Tho fact that a few small rhj'olito dikfti that 
cut liuicstone in the upper part of the Jouny 
Liitd Canyon and also m the Gomini mine 
trend toward Packard Peak lends a little fur- 
ther weight to this conclusion, which is illus- 
trated iu section A-A, Plato II, drawn soyth- 
eastwiird throutih Packard Peak. 

'Towfr^G. \V.,)r.,ftori Smith, G. 0., op. cit., pp. «6l-«U. 



Olhttr small dikes poorly exposed haro 
boon notiid at a few phicos on Uio snrfuco and 
in mines. iSomo of these dikoH. especially 
thoso in the vicinity of Piiiyou Peak, aro 
closely Qjwociatod with outcrops of opaline 
or chalcedonic silica replachig limestono and 
may have a genetic comicction with fchoni. 
If 80, these siliceous doposits aro older than 
thoi^o that at'compauy tJio ore doposit.s, whtdi 
worn fonnotl after tlxo mony/inite intnision. 

SfHith of Packard Peak tho rhyolite lies 
a^ainfit a steep erosion slope of limostono. 
The contact bus boeu e.vposed in the workin;jH 
of tho Gomini mine, whoro tho rhyolite covors 
a steen talus alopo. Wells and mino workings 
provo tho rhyolite to undcrliu tho thick cover- 
ing of alluvial soil boncuth Euroka. Tho shaft 
of tho Cl'.iof (^onsolidat(Ml mino passes through 
300 feat of alluvium and rhyolilo into imder- 
Jying limestone. Tho contact of rhyolite nnd 
limestono again comes to tho surface at tho 
north base of 'Godiva Ahnmtain. The rhyolite 
lioro also flaults an erosion slopo of Iinn>stoue, 
and exposures in the Tntro tuimol workings 
show tho rhyobto ovorlyinj^ limostono IjlIus. 
Tho conlaet continues soulheastward at about 
tho 7,000-foot contour uroimd Godiva Mountain 
to a point beyond the Yiuikeo mine, Sout.li 
of tliis pt>int more pi-onouncwl oix>siou has 
removed it and exposed the imderlying lime- 
stono slope as low as the 0,600-foot contour. 
A few remnants of tho rhyolito at Pino Canyon, 
oast of tho Xorthom Spy mine, and possibly 
at vSioux Pa~=s mark its formor southward ox- 
tent, and smaller remnants, mostly represented 
only by flout, occur farther east. 

Tho roiatioiis between the Packard rliyolito 
and tho flows of latitc (and andasitoO t*^* the 
south of it are obscure, as nearly tho ontire 
atirfnco is covered by debris. It may be tliat 
the southwnrd-tliimiing end of tho rhyolito 
originally nxisscd the present eastward-sloping 
canyon (PI. I) and passed beneath tho latite, 
but no trace of rhyolite south »>f this cjitiyon 
' could bo found at the appmpriato horizon 
along the cast slope of Ruby Ganyon (PI. IV); 
or possibly faulting ;iIoiig both of the canyons 
has buried any southward extension of tho 
rhyolite, but no positive evidonco of faulting 
could be found to warrant even approximate 
mapj>ing. For want of better ovidenco it is 
concluded that only a vory thui tapering wljje 
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t n , ««in,lifinn bc^twcen the Prtokartl rhyolite oiid the 

of the rhyolito Ho.-, no.' wljollv ~ ' ^^'^^ ..Uyoli.e ia tlu. .outhcm part of ..he 

honouth htil,, ddl,ns.. co,.W l'''^'" "''""/'"V^Xi.glo Ou th. o.h.u- han,l, Uus <;onclu- 
«,utHw„.d bonoa(.htl..prc«e,a north b».mdar,,c^^^'ln>.^|-.^^^ ^^^^^^ ^^^, ^.^^^^.^^ ^^^^^ ^^^ 

of tilt; lat ito flows. 
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eon sitting 

u'l'id^itic tuff md hivmA, wliich in tuni is 
covorG*! by ono or moro lutito flows. It w 
Lhonrf'ora certain Uiut rJlliougii -some of tho 
latiUs or ftn<l('.sitc flows fp. 42) (iro older tbm 
(,ho Packan:! rhyolito, mo.it of tiiom, to judgD 
fi-oni tho niiip (Pi. 1: and from (.vldoiico jn-o- 
s..«to<t pl^*owil.>r.^ (pi>. 54-56), arc younger. In 
the ytop-faiilI*d aim cast, of I Im Silver Pu^« 
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The Paclciird ihyolitL' prcaeiUs many vtu-io- 
tions in appenronw but iri distingiiisiipd I'mm 
all thft other volcauio rocks liprc, described (ex- 
cept tho Swiinsea rhyolito) by the presence of 
^_ quarts pheiiocrysts. Its pievailhig color is 

nm.r'rT'HorthVVlwolit^^s^il^w" overlain l>y pink, but gray, brown, and (iurk purplo ure 
' ■ ■ prominent locnlly, nnd tlie pui-ple tints make 

tlic rhyobte resemble some raend>ors of the 
liitite-anJcsite series. Glwssy phases of the 
rhvobte are gray to black. vSeriritic nltera- 
tion product'H ii polo-greonish color, which by 
weathering may bleiwh to a pure- white. Where 
disseminated pyrite has bef^m to weather ft 
chariict<;.ristic greenish -yellow color results. 
Tliis color is well shown ou the various small 
dumps around the Denver & Rio Grtmdc Rail- 
road wclla iii>rth and north(»ftst of Kureka. 'IItlg 
{.•^■xtnrc is nnilormly ptirphyritic, nnd the 
phenocrj'sts constitute about 20 per cent of tJio 
rock. '^The groimdniass is u.suaUy dense, but 
at the upper contact witli tlui latite-andesito 
scries and ut a few places wtlxin the rhyohte 
area., it is typical obsitUan, mtfiitly massive, 
bul; in a few places, at the very top, scoria- 



latitc. 

'Hio prt^cut. a7id original lliiekncsses of tlui 
Piickani rhyolito arc sliowni iipproxiinatoly in 
soclion A-A', Plate M Tlic greatest Imown 
Uuivkncss at nny point except Packard Poak 
is at the 7,007-foot peiik n mile Qnst of Knight- 
villii. (Sec PI^. I ami IX, Ii.) A shaft on 
|.lio (lank of thiw poakj about .lOO foot below 
(hoHumniit, is siiid to have roftehed linutstono 
at a iloptii tif JjO font, giving a totaj thiclam^s 
lioro of iilxuU fi.JO feet. '\lw <l;ft'oifi[U'.e in olo- 
vntion Imtweon tlui suuunjt ami tho lowest 
outcmp in ih^^ vidloy directly to tho oust sIkiv.',s 
Hint the origin!:! thickness of the rhyohto 
ovor tKo ciniyons in this vicinity nmst have 
beon 1,000 t'eet, with no allowance for ci-oaion 
at tiio pcyik's tiummi':. If little or no allowance 
is iniulc for the northward continuation of tho 



fiuills indicalcd in (.iu: main latito ridgo to thoi ccous. The obsitUtm, wluch is most readily 



sou ill, aslope of 7^ (ftbout tioO foot to the mile) 
from the latite and rhyolilo contact would 
piKss well idxtvo the summit of the 7,()(>7-foot 
jioak anil hetwi-e-Ti SOO and 1,000 feet above 
tlic summit of Packard Peak. As tlieso 
faults, if present, toiid to eoniponsate one 
another, tho above Iiguu^ may still sorvy «y a 
nnigli (vtimnto of (ho original tlnolou-'ss of the 
Puektird vhyolitc*. 

Proof uf an original surfnco slope of V* or 
even Icu.-t would verify tho conclusion tha".. the 
Packiu-d rhyohte never e\'tend«i southwHrd 
for any cunaidcnible distance beyond the pres- 
ent nortlieni boundary of the grcnfc latite- 



accn along the raih'oad between Kurekn nnd 
llomataville, indicates several successive flows 
of rhyohte, but no attempt waa nu^de to ascer- 
tain tiio number of flows. 

The most conspicuous major structm-al 
features are the breccia and the platy pnrlmg 
or tlow structure. The brccciated structuro is 
confmed, so far as seen, to the base of t!io rhyo- 
lite. It is well exposed along tl:e raih-ond cut 
east; of the Northern Spy sJiaft and has iilao 
been fomid near tlio mouth of Bnrriston Cim- 
yon and in tho exposmes in the faulted area 
east of the Silver Pass road. Tile rock irf ovi- 
dcntly a flow brcc<:^ia, caused by tho fract-uring 



«n.|(^itc area. It hardly seems probable, of partly hnrdened lava wiiile it was still How- 
thevefore, that there was any surface connec-!mg, and cous'ists of fragments of light-colored 
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rliynlife porphwy in a dftrker rantrix of the 
snntc <'ompositiuji. Tlic plnly ni)\v dlructure 
is ft very prominent fpiitiiro of tho larj^or ont- 
crops and is cspecinlly well s}io\vn southenst of 
Fiu'lcnrd Peak svaS. in tbo lambs nortJi of t,hr 
luvviT rofl-d fork of Goalu^n Slope. Tho plnt.y 
partings as a wliole dip ralJier gontly away from 
Ptxi'knrd Peak but arc modillcd by numerous 
rontorlioiis where ikc d-p i.s loeiiUv steep, vei*- 
t'ic.n\, or oven reversed. They hn ve been Inrgcly 
infiuentinl in promotijig a rapid disiutegrtilion 
of the rhyolilo und also uiroi-dct! openings for 
perLuefllioQ by minonili zing solutions or vapors. 
CalcitOj opnlijTe and chalcedonic silica,, and 
lieulouditc have been found in the paj^.ings. 
Tho lieijandite is best developed in small 
pockRt-s that arc local ojilargcmeats of Ihcpluty 
partings or of other frtteturcs. 

Tlic- visible minerals aro feldspar, qinu'tz, 
and hiotite. Botli orthoclasc and plagioclaso 
feldspars arc present, but in genci-al it is very 
diilii-ult to distinguish thcni, for both are glassy 
whore fi'oah, are of tabular linbit, and break 
mostly across the basal cleavage, so that the 
pro-scuce or absence of plagioclase t'winning 
striations ctm not bo proved. The feldspar 
cr^'stais occur as single or simply twinned 
tubular crystals as much as 4 niillimoters long, 
also us small aggregates of nearly parallel crys- 
tals that appear at first glance like broad, 
nearly cubic grains complexly twiimed. Quartz 
appeal's in small rounded grains, or here and 
there as nearly perfect bipjTamids, mostly loss 
than 2 millimeters in diameter. It is dis- 
tbictly leys abundant thou the feldspar hut is 
easily recognized, both ia the fresh and in the 
thoroughly altered ri>ck, and is, as abeady 
stated, the distinguishing featm-e of the Pack- 
ard rhyolite among tho cCTusivc rocks of the dis- 
trict. Its clear, highly glassy single grains arc 
readily distinguishable fivm minute druses and 
cavity fillings of secondary cjialcedoiiic quartz 
and opal, which aj-e luss glassy in luster, are 
nearly or quite opaque, and have irregular outr 
lines. The biotit*^, as m all the other volcanic 
rocks of the district, forms typical black sliiny 
6-sided tablets 2 or 3 niillimeters ij\ diameter 
tuid of almost perfect outline. A few grains 
are altered to a green chloritic mineral, and sev- 
eral havcweathcrod to differontsbadesof browu. 

In most thin sections a distinct How structure 
is noticeable around tho phouoeryst.s, mauy of 



wlii(h have been broken and the fnigments 
separated. Ail tho larger phenocrysts, feld- 
spar, quartz, and biotitc, show cnDsidembla 
fnu'tuHng and resorption, which in somo sec- 
tions arc so pronounced that, except whero 
dift'orotices in composition could be detormiued, 
it would bo diflicuIJi if not impossiblo to dis- 
tinguish tho rhyolite plicnocrysts fmni inclosed 
fragnicints of piienocrysts from tho older vol- 
ci:uic i-ocks. 

Plagiodaso is surprisingly abumlajit in view 
of the diflicuUy of identifying it nie^ascopienlly. 
Many of its grains have a niarkod zona] struc- 
turo. Both Carlsbad and alhito twinning are 
common, and pcricliuo twinning is often seeji. 
Extinction angh^ on sections showing both 
Carlsbad and ulbitc twinning indicate an av- 
crngo composition of andasinc near AhftjAuas. 
The most calcic zone menisured ah owed Ab^^ Au^. 
A few crystals appeared to bo in all zones less 
sodtc than AbooAii^, but most wore AbusjViiss or 
even niore sodic. 

The sanidino phonocrysts aro much h^s 
abuitdant than those of plagioclaso. Thoir 
chamcter varies c.onsi<lorably. A simple, clear 
('arlshad twin, more or his^ resorbod, wa3 
found in only oim of 17 sections. Irregular 
perthitic intorgrowth with alhito is common in 
iudepeudent twinned cryataJs and also in 
partial out-or bordois aroiuid plagioclase. Ex- 
tinction angles on 010 measmo S° to 10°, 
figures which, together with the perthitic 
structure, indicate a -high soda content. In 
view of the composition and relatively small 
quantity of the sanidino phenocrysts tho liigh 
potash content in tho cbamical analysis implies 
that sanidino or it^s uncrystalliztid constituents 
must constitute a considerable part of the 
grounrlmiiss. 

Quartz occHis in ronndeil and iixegular 
grains that are considonihly resorbod, but a 
few still show tho original bipyraraidal out- 
lino, Several grains are fractured. Somo aro 
surromidcd by a fringe of small nuhating 
quartz crystals, which may bo explained by the 
fact that the quartz phouocrystSj formed prior 
to eiuption, were partly resorbod during 
eruption and finally, when the onipted lava 
solidified, wore coated by the fringe of rapidly 
cn^talliziJig quart'.5 from tho groundmass. 
Amrfei^utcs of tho small radiating crystals are 
also fomid without thouuciousaud suggest that 
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ovpn aftor eruption qu.irtz molecules had 
he^n to spgregaLo but. woro forced to cryatalljzn 
too rapidly to form siJiglo pbonocrysts; how- 
nvcr 



of chalcetlonic silica with a little aericilo and 
pyrile. Where tlow stmcture is pronounced 
tho inicroi^copic flow partings are partly or 
compJptely fiUod with silica ranging from opal 
through chulcodoiiy to t^^jical quartz. Tridy. 
mite is also prosent in similar occurrences. 

The chemicjil auulvsi^: in r.olmnn 1 of the 



...:•, these aggregakvj may also be osplamwl. 

IS rcfiystftilizations of wholly rffiorbcd pheno- 
oryata, or porliaps only the fringe imd not tho 
contral part of tho phoiiocryst was irichtded 
wiihin tho '.hiji scicUon. _ | 

Biotitti, in unaltc-rod crystals, shows typical 
filisftrption. Some of tlio nrystuls arc marked j followuig table represents a gi'ay porpliyritic 
with nitile in sfigenito twins. Unaltered gnuns , variety of the rhyolite occuiTmg south of 



firo murkod by nari-ow resorption rims apocked 
with miigiiotitfl. In most sections, lioworer, 
biotito ia raoro or loss replacetl, locally, by 
chlorite with aoricito, c^lcito, md silica buG 
gnicndly by limonito, which may totally 



Pinyoa Ci'cek. The megascopic mineruLs ure 
Kiinidinc, rather acidic plagioclasOj quartz, 
biotitCj and a little hornblende; the micro- 
scopic minerals are tridyinite, magnetite, 
ttpatit-e, and zircon in a trroundmass that is 



ohscui-eanyothiiv alteration products. Browri for the most part crystalline hut contains a 



hornblende h soon in a very few sections. 
Magnetite inul a little apatite and zircon form 
typical microphouocrysts scattered through the 
groundmoss hut more conspicuous within or 



small ajnoimt of glnssy residue. 

Tho proniinouc* of quartz and sanidine 
phenocryots is suificiont to classify the rock in 
the field us rhyolite, and compaxison of the 



around l)iotito phcnocrysts. Tho groundmass' analysis -with those in columus 2, 3, 4, and 5 
ranges from a eleiir glivss to material thct ig I shows the Packard rhyolite to bo very simdar 
complotnly mici-ocrystaliijio. The glass has to c^rtaiu othci' rhyolitca imd dacites in neigh- 



usually a How stmetui-e marked by numerous 
hairlike erystaliitos, uTid somo of it is minutely 
sphenilitie. Tlif- compiotoly microcrystalhiw 
tKJxture is quite like t'nat of tho intrusive 
Swanseii rhyolito, Sliort, stout lath-shaped 
crystals of plagioclase are present but appear 
suboi-dinato to the anhcdral and poorly defined 
granules of alUalic feldspar and quartz. 

Alteration hits produced varying results 
according to its '.utensity: where it was less 
pronomiced plagioelase is partly changed to 
sericito and calcito with a little chalcedomc 
silica, and biotite to chlorite (dolcssite ?), 



boruig Stales. It differe, however, from the 
average rhyolite (column 6) in its lower content 
of SiO, ftm] higher MgO, CaO, KG, TiO,, and 
PjOr,. These dilTerences indicate that it ap- 
proaches qjartz syenite and especially nion- 
zouite, as shown b^' comparison with analyses 
in Wivshinglon's Tables ^ and with the analysis 
of the local monzonile given on page 67. 
The moDzonitie character is fui'thor indicated 
by the compositions and ratio of the feldspui-s. 
If the modal plagiocluse, as deteraaiued opti- 
cally, is subtracted from the norm (p. 71), 
the ratio wQl be appi-oximately alkalic feld- 



whercas sanidine and qutu'tx remain \m- spai- {Oiv.Ab,,) 35 per cent and plogioclase 
changed; wnoro it was more pronomiced (Ab^.^jj^,) 29 per cent (allowance being made 
chalcedonic sihca has increased at the ex- " 
pensG of all tho other mii\prals, both primai'v 
luid secondary, e.-cccpt quartz, and may be 



accompanied by a sinidl amount of fine pyrite 
gi-ains. Thoroughly altAjrod rock is composed 



for 6 per cent biotite). According to the norm 
therockfoDa wcU within tho coordinates 1.4,2.3 
and is a toscanose. 



I Wnjfiliislnn, H. 3., Chumtcil ftnaJsacs or Igneous rxta paWbhwl 
imat l&st In l»i3; V. S. G«tl. Survoy trof. Papor 9o, pp. 165-^iT, 1B17. 
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SWANSEA HHYOLTTE (TOSCANOSE). 
SISTRlLtrTION AND STHUCFURAl, RELATIONE. 

Tlio Swanse;! rhyolite forn\s one main iiuiss 
nearly tiiree-fiffchs of a niile Jong mul averaging 
a quarter of a mile wide between Robinson and 
Silver City and a smaller mess occupying the 
gieater part of tlie 6,640-foot lull just south- 
east of Kobinsou. Tlie only other kno\yi\ nat- 
ural exposures arc a tliorouglJy decomposetl 
dike of northeftsterly trend on Quo.rtzite Kidge, 
and a snuill isolated, badly v^eathered outcrop 
in tite monzonite area about a iiiilc east of 
Silver City. Other diies of rhyolite of north- 
erly to northeasterly trend have been exposed 
in the deeper worldngs of the Opex, CentenniaJ, 
Eureka, Gemini, and May Day mines, The 
Swansea rhyohte is clearly intrusive in the 
sedimentai-y rocks. Nearly vertical contacts 
with the quartzite are exposed at the north- 
1^353°— 1&- — 4 



we.st corner of the mniti mass, where the contact 
dips 80° W., and along the decomposed flikc on 
Quartzite Ridge; and similHr contacts with the 
limestone may be seen southeast of Robinson 
and nloug the dikes in the different mines. 

Tlio dikes in tlie mines are of interest in that 
they represent the upper terminations of in- 
trusive bodies. ITioae in the Opex iind Cen- 
tennial Eureka are regular dikes or pod-filiaped 
or flat masses, in places with a strong southerly 
pitch and pinching out toward the north. (See 
fig. i.3, p. 82.) That in the May Day is of sim- 
ilnr shape but has a northerly pitch. They 
shoWj where, not too decomposed for study, 
cliiUed mRi'gins charai'lerized by a less por- 
phyritic texture than the rest of the rook. 

The contact between the main mass of the 
Swansea rhyohte and the adjacent monzonite 
is not satisfactorily exposed, being for the most 
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ND ORE DEPOSITS OF TINTTC MINMNG DISTUICT, UTAH. 

■ A nnlv bv loose fra'mienEs. (Seo\S%van3en rhyolito bo<ly, is nevertheless further 
irVT^ On V in tL^addle h^lf a .nilo .luc I su-estivc of cl..o, .onn.ction between the rhy- 
flT; of \hc &;^r.sea shaft is it at .Ul .^oll olite nud tbc mon.on.te. 
shown. Here the two i-ocks are somewhat ..m.oi^Gv. 

huT none cun he foUowed more than 3 or 4 ish gtriy where qnito urmttccied by weathonng 

Yard« ftud uon« can bo proved to connect with or by intense sih<-..fu.aUoa, but its prevailing 

the main body of mon/.onite. They may easily .o!or is pale pink, winch by prolonged woather- 

Iw regarded aa inclusions oiv the c^^aence at ing gradunlly bleaches to hght gray or wlii(e 

hitnd" ITie only iudiorttion in them of dikeUke^ more or less stroked with rttsty stams. It is 

eharaeter is the approxin)ately pariOlel posi- of dense to very fine j^raincd poi-phyritic tex- 

tiona of opixjsitc sidw, but tliese can not be 

followed together more tlian 3 or 4 feet. Tlie 

absonoo of any prononnc^.d evidence of chilling 

of the nutnzonite at !ho contact nnd ita more 

wrnnuliii tcxtiu'c than that of the rhyoHte may 

be reyurded as suggestions, though by no moans 

proofsj that tho monzomto is the older rock; 

hut no uubinaed ubi^erver nun draw a conclusion 

from the evidence at this point. Tho exposed 

contact in also somewhat irregular due east of 

tho Swansea shaft, but here again tlie evidence | 30 per cent of the rock, nro teldspai-a, quartz, 

is quite iriconclusivo. The Swansea shaft and the remains of thorouglily tiltered biotite. 



ture, and some specimens of it mny be con- 
fused with some of tho Pafk.trd rhyolite; but 
it is as u whole more bigldy porphyritic, has a 
more thoroughly crystiiUizod groundiuaspi, la 
not glfl.'^sy, and nowhere sliows any of tiio pro- 
nftunced hrecciation or How structure so char- 
act<*ristic of the Packard rhyolite. In some 
places the groundnuiss is snfRcient-ly crystiJline 
for the rock to be called a granite porph\Ty. 
The ro<-ognizah)c phenoc,rysls,wliich form tibouj 



croppej^ t!\c contact nonr the 900-foot level, 
where the uionzf»mie thps about GO'' W. This 
relation, together with the stocildiko character 
of tile nionzonito body, m:iy favor slightly the 
conchiaion that the monzonite is t.he younger 



The only distinct ntegoaeopic feldspar i.^ the 
nlkalic, which occurs in roughly rectangidar 
crystals thai average 3 millimeters in length 
imd are iuost.l3-of pale pink color. They tire 
hardly transparent enough to be called saiu- 



rock. The best oWderue, however, is tho rby-^dine, and nnder ii lens many of them show ft 



olilo inclusion dose to two larger inclut^ions of 
quort/.ite in the monzomto east of SilvorCity. 
No striugera of monzonite could bo found in 
the rlvyolitc, but its blocky form aiid it^ close 
as'jociatiou v/ith tlve undoubted inclusions of 
quavtzito eim hardly favor any other interpre- 
tHtiou than tiiiit it too i^ nn inclusion. 

The. iiidance of evidence, then, points to the 
rhyoUte as the enrUor of the two rocks; but the 
iibsenre along its edge of eliiUed nionzonite 
contacts such as iiru found along ti.e Umestone 
shows that the rhyohte, though consolidated, 
warf still at a very high tempevfiture when tho 
uionzonito \x-m intruded. The triangidar 
quarl/,ite inclusion in moiizoiiite in the saddle 



distinct perthilio structure. Pla^ioclase, 
though abundant, is too obscured by alteration 
to bo certfiinly itientifiod nriegascopiciilly. Its 
crystals are rather dull wljte, «ro of poorly 
defined shape, and only rarch' show cleavnge 
surfaces. Quartz is Vi'.vy pronunont, mostly in 
colorless to smoky-gray rounded glassy gruiaia 
na much as 2 or even 4 niillimetei-s in diameter, 
witii a few well-formed bipp-aniids. iVltored 
biotite (<lotermincd only niicroscopically) is 
represent^id hy dark-green spots of cidortle and 
chistci-s of minute black granules of magoetite 
in various proportions. 

Tho gr«undinas.s and to a shght extent some 
of the pheuocr)^t« are at many p\&co 'i^- 



^ulll^!^^''^'''''''''' '7^"'i'"^ =^t'^tion is vresnatod with nuuute grain.s of pvn^e, ^^'hich 
'ul . ."^. - ^""^''^^: ^«^^^'- *^f 'I'"^'-^^ P»r- may appear lUHlightly altered (grJenish) or in 



ph>Ty very sinnlav tn but not idtmti.^id with 
Ihe Swansea rliyolite in megascopic as well ag 
mjcroscopie appearance. Tt grades into tj-pical 
mouzonite and seems best interpreted a".s due 
to TUBi-gmd assinnlation. This relation, wliile 
hartUy apph^ublo to so largo a muss na the 



thoroughly sihcified (hard whitish) rocK. 
Pyi-ite is especially prominent id the rhyolite 
dikes exposed in tho Opex and Centennial 
Eureka mines. These dikes are remarkably 
3oft but retain all their textnral features- 
Other dikes— for example, those in the Gemini 
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mine — i^re thoroughly liaolimzed, and thoii' 
advanced stage of alteration mny have bct-n 
due largely to aulphtiric acid derived from 
oxidizing pyrite. 



crosscut on the SoO-foot level of the Swansea 
mine, now iiinccessi})lo. 

AcconJing u> the earliei- report/ 

It is amegaspopiccoiistiritent. amalls|rat»oi the lilaok 



In thin section tl)e texture is finely granular | mineml A-ith it« radialQ structure amlailky lu.s|<?r being 
porT)h\Titic. The tilkjJic feldspar in h)'pauto- s*cattcred throughout the rock. In the thiu sorlion thia 
niorphic phenocrj^ts is microperlhite, in part 'l"*'^'- porphyrv- is Hiaract^irized Uy an iihundanre of 
fresh, in part greatly kaohnizcd. It incloses , ^"f "" Pl><^'"'^^Ty.i« «iUi inc^lar mi<linc« due to mag- 

. ' , ' „ ,L iL • I r»i ■ 1 ^'^^^'^ rpaorptioa. The fpldpnare anj badly altered, an is 

grains of aU the other nuaernJs. Pla-ioclii.S0 , n,^ t^.^ rr>Ttccry8liUliue sroumimass. The tourmaliue 
phenoci'j'sts are less abundant than those of; occurs in iwj^^regutos of long nriculai- pr-^is, with tho 



uJkalie feldspars. They also lU'e hypauto- 
luorphic, and most of Ihera are largely altered 
to soricite and kaolin. The only grains suitable 
for measuring extiuction angles (on albite 
twins only) indicated in one section Ab^.^\.n^ 
and in another Ab^^Vn^Q. Quartz oeciiis in a 



rharacteriatic crosi fmrturc:?. It i.s strwii^lv plcurhruic, 
the ordijiarv ray giving' r.wp-i)-.U6 and greenifih-Wuo tinia 
&ud the eitmordican- varying inim roIor!c«* to light 
hrowD, Tho^e rudiftto gronps of t4^iunuaUne needles in 
part replace tlw feldspar and in p^rt occur in the gromid- 
inaas. In nne instance an aggregate Mraa noted abutting 
ftgftinift tlie edge of a quartz phenocryHt. Thia occur- 



few rounded or irrc^'iilar single grains with ^*"?'^« '''~ toummline in n .luariz porphyry has ruaay 

,■1 , 1 /!■ J ■ - p<::Dta ol resenihhiuro to that- (le?(;TiIied bv Weed and 

partnU crystal outhnes and m many mosaics, if,. - ^ ,, ,-, :, ,, \^ . . J . ^^^ , 

' -1-1 1-, 1 1 1 i irr^aon ' from Ui0 (.flidle >[ountain imningdwtnct. >[ont. 

some of which appear Iiite shattered ciystols 



and otlieis like aggregates of rapidly formed 
grains. Mniiy of the more distinct pheno- 
cr3's£s are somewhat eoiTodod, especially on 
one side only, the othex side retaining sharp 
boundaries. Bipyramidal incJusioii^ of ghuss 
fti'e present in some quartx crystals. Biotite 
forms a few irregiilor plates with resoi-ption 
rims, but for the most part is completely 
rcsorbed and represented by linear groups of 
magnetite spoclvs embedded in a finely granu- 
lar colorless mineral, either u-ustriated feldspar 
or quartz, wliich could not be accurately 
detennined. Sonto former gi'ains not com- 
pletely rcsorbed are now represented by 
cMorite. Magnetite tmd locally apatite nnd 
zircon occur as microphenocrysts among the 
still siQiiller anhedrnl "jrains of tho groundmass. 



As rcraarked hy these authcra, thia mineral is rnrely found 
(W a constituent i:)(*4jartJ! porphyry, and the CowtleMoim- 
taina nnd the Tictic ilountrtiiiy are tlie tnily k-noivn 
American localities. 

Ir some sections pyrito occurs in minute 
crj'stals and irregular gi-ains in feldspar nnd 
quartz pheu"icr\'sls and in tho groundmass. 
In others it is intimately associated with biotit^^ 
and magnetite, suggesting a primaiy origin. 
It also fills minute fractmes. 

CHKMICAJ. COr,rP08ITrON AND CLASSITIOATION, 

Analysis } in the follo^\^^g table represents a 
ligh(^gray mici'ogruniiJar porphyritic rock, 
containing phenocrysts of feldspar (somewhat 
altered) and quartz and small amounts of 
microscopic biotite, magnetite, apatite, and 
zu'con, with secondaiy pyrite and chl(»rite. 

This ftimlvsis is very closi-. to the average 



The magnetite forms some single crystals of 

square cwssseetiou but more commonly ocem^ of qu-ift/^ porphya-ics (column 2) and ncflrer 

in cluster or composite crystals. Tho around- **i"»i that of the Packard rhyohte to tho a\'erage 



composite crystals. Tho ground 
mass is a minutely granular mosaic of quartz, 



of rhyolites. (See p. 49.) It also more closely 



alkdic feldspar, and plagioeluse, specked with. '■csembles the great majority of amdyse.s oi 
magnetite and containing scattci-ed grains of I ^^o^tli^^ran rhyolites, qtuntz porphyries, and 
chlorite or dtered biotite. A few crystals of g''a"»t'^-^-' '^^''^^ difTercnees between tlic Swan- 
zu-con are also present. The grams of feld- ^^-^ ^'^^ Packard_ rhyolites are oiily shght 
spar are for the most poi't too small or too 
much altered to be distinguished, but where 
dfi-tinctions can be made tho ploglocliise tends 
to form h>'pautomorphic grahis, whereas tho 
quartz and alkolic feldspar grains are irregular. 
jUteratiou products not already mentioned 
are tourmaline and pyrite. The tourmaline 
was found during the earher survey in the east 



however and might easily bo duplicated by 
analyses from different specimens of a single 
rock body. Thoy may be accounted for by a 
slight inerofuso of quartz and a corresponding 
decrease of feldspars in the Swansea rock, In 

1 Towor, G. W.^ Jr., and SirJHi, G. 0., op. dt,, p. KW. 
> Wood, W. H., and I'tr&ra, L. V,, Gnolagy a( lh« CnsHo Uonntiiln 
minl&K rfislricl, SliOl.: U, S. G«el. SaTVUy DuH. 139, p. 09, l>m. 
» 8M WtahlBglori, U. S., ep. «»., M). IfrVSIT. 
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one thin section the plagioclose of the Swansea 
appears to he slightly more sodic thttu Unit of 
the, Padcfird, but if the composition of the 
plagioclaae is as-siuncd to be Ab^^Aiijg, as do- 
Icrnnned for tliot section (which probnbly 
n^presenta an out*?r zone), there is no excess of 
NfljO over CaO to enter into the mi(Toperthite. 
It' tlia rorapositiou de.tormined for the other 
thin sofition oMiniined {Ab^An-,5) is ussuincd, 
the composition and percentages of the modal 
fcliispurs will bn plugioclnse (Abu;,An3j) 30.17 
per cent niid ulkaJi<^ fijdspar (Or^Abij) 30.85 
per cent. These llgures appear to be close (o 
tlioao indicated by the majority of thin sec- 
tions, tiiough in some tlie uraouiiL of alhitc in 
the alkulic feldspar seeniii higher. 
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jr., .ind S]iiit,h, 0. 0., op. cit., p. 837, 

IV nuio of plagioclasc to ttU^„lic feldspar 
m the bw.,n«-« rl,y„li,., „ ;„ t^„ p„^j^^^,j 

.■I.M'micr, The rock i, pru<.ao.Ulv idcuticl 



in goncrol composition with typieol two- 
foldspar gnmites and is un interesting illustra- 
tion of the point niiido by Wulson ' that 
most gi-auites in the country are inrtually 
qutu'tz monzonites, Tho geologic relations of 
(j\6 Swanseii rhyolito t-o nionznuito are^evea 
closer tliHii tho similarity of chemical tind 
mineral coniposition. According fo the quan- 
titative systoni ilif, Swansoa, like the Packard 
rhyolito, is cltvisiriod as tosciinose (I.'1.2.3). 



RHYOUTE DIKES. 



The rhyolito dikes, wliich are best seen in the 
lower workiugs oi tho Opcx mine, rlosely 
resemble the Sw:niscQ rhyolite megascopieallv, 
though their microscopic features aro not quite 
the same. Tho rock i.s dnvk greenish gray, 
dense and porphyi-itic. Quartz and feldspar 
lire itg oidy recognizable original mineruls, and 
it is highly iraprcgnatexj with fijie pyi'ita 
ei-ystals. I*, is for the most port much decom- 
posed, probiihly from the effects of partial C'.vi- 
dation of ibo p>Tite, and caves in soon aftm- it 
is exposed in the workings. Only one tliiii 
sectioji, that of a t^pccinif^n from a chilled con- 
tact, was stndied. The microscopic appefir- 
ance of the roek is ]Qoro like that of andesitic 
or monzonitic thun of rhyoUtic rock, owing to 
(he promincnco of narrow plogioela.se latlis hi 
the grouiidmnflti. Thie pUgioclase in too much 
obsoui-cd by idtoratioii to .scricite and c«lcite to 
bo accurately dotorminod. Only one vciy 
doubtful crystal of lUkulie feldspar was noted. 
Quartx foiTos here und there a bii)VTamidflI 
cr^^'stfil vdih gi-oundma.-^s Inclusions but occurs 
mostly in smull aggregates and in poorly de- 
fined single granules wh.ich are WrtuuUy a pai't 
of the groundm;i.<:s. ITie black silicale-s are all 
destroyed, but biotite is suggested by tJie out- 
lint« of several thm, lath-shaped areas, mid 
iiugitc hy t.lie outline of certain calcite-cldorita 
Hggregntcs hke those which replace augite in 
the monzonitc nnd latites of the district. 
Magnetite and apatite occur in typical forms. 
Thogroundmass is vejy finely and incompletely 
crystftlhno. ft appeni-s to consist mostly 
of plftgiochise, \vith eonsidcvftblc quartz and 
Borao alkalic feldspar in interstitial anbedi-ons. 

iWalion, T. L., Inlcrmcdlalo (qmmi monzoultici) fHaniutor of H>i' 
wnlntl '--.i soulh..ni A i>pj!t. hlim gr,K,iuv(. v.-nh n comiwjn'^vij study 
oriJw fTMltes or Now Eiii-lvnd mhI ihB -..raitra Oui'.wl Suicv Vir 
lUiia VUv. I-hllas- Soe, BuIL. 8d. Mf.. vo!. I, tin. I, pp. 1-W, l«a 



IGi'EOUS nOCKS. 



53 



The observed mmeriil composition, wliich 
closflj roscmblos tlmt of tho i-liyolitic phase of 
the nionzoiiito around the Iur{jp qutirtz inclu- 
sion Cp. BS),. is inU'rinediflto bolwrnni that of 
the SwonsiMi rhyohto and thnt of tlio inonzo- 
uitp, the absence of conspicuous nlkalic fold- 
spar and the presence of possible inigito .suj;- 
gi.-stinj^ tho monzonite, and the pnenocrysts of 
quartz pointing toward the rhyolito. The 
variation froju the rhyohte, however, may be 
more toxturul than chemical, for this mni"ginal 
phflso of file rock may have been dulled before 
crystallization of the alkalic feldspar, which in 
the local rocks follows tlnil of the pla^oclasc, 
had proceeded far euough to produce conspicu- 
ous phenociysts. 

BHYOLITE OF TINTIC MOIIHTAIN. 

The rhyolite on the west slope of Tintic 
Mountain was not visited during the recent 
survey, but as it is distinct in appoariince from 
the othere, the following description is given. 
It slioiUd lie, according to the eni'hcr map, 
\\'ithin the lower part of tlie lutit^i-andesite 
scries, though the possibility of postvolcanic 
faulting throws 9om,o doubt on its exact posi- 
tion. It is of very light gi'fty color where fresh 
and of dense porphyi-itie t<)xtui-p. The only 
■nsible mineral is sanidinc in colorless lath- 
shaped crystals showing distinct Cai-lsbad 
twinning. The rock in thin section is jior- 
phji'ttic with a tnichytic groiurdmaas. Tlic 
phenocrysts arc plagioclftse, sanidinc, and bio- 
tite. None of quart z were noted. In one 
thin section rectangular crystals of plagioclase 
as much as 3 milhmetei'S long outnumber those 
of sauicUne; in another section the reverse is 
true. The plagioolase is fainlly zoned, is 
twiimed according to both Carlsbad and idbit^i 
laws, and has the extinction anghs of culcic 
ohgoclase or sodic andesinc. The sanidinc 
crystals are all Carlsbad twins in parallel align- 
ment and with curved ends resembling the 
prow of a boat. They have a rough parting 
parallel to 100. One sanidine crystal inclosed 
n small crystal of plagioclase of grettt<*r refrac- 
tive index, which ac-cords with the extinction 
angles found. Both feldspare are free from 
conspicuous weathering. Biotit*, which is 
scarce, forms crystals 1 millimeter or less in 
diameter with light-ycUow to deep reddish- 



brown pleochroisiTi, It is partly weathered to 
linionite-. Tlie groundmass is mitdo up of 
feldspar laths, a few of wluch have albite 
tAWnning and all of wliich have approximately 
parallel extinction. They probably comprise 
both oiigoclasc and sanidinc but are too minute 
to permit exact ilistinelions. 

Partial analijs?!* nvd iiorm of rhyolite on. it-tst dO}>^ oj 
Tintic jlaunlaint. 



SiOj 70.30 

ifgO XolK'. 

OaO 1.00 

NjuO 1.18 

KX> 5.83 



fil.31 



Pnrllal norm. 

QuarlK..- 21.36 

Orfhcfliu^o ^.47 

Alhito 35.63 

Anorlhito rj. 00 

9G, 46 



Although the tibsence of quartz even in thin 
section suggests tho uamo tnichyto, the high 
percentage of silica in the aualyyis and that of 
quartz in tho norm show that the rock .shoidJ 
bo classified with the rhyolitcs. The free silica 
evidently fomis niimito hitei*stitial tUnis, too 
small to be detected, among the feldspars of 
the groundmass. Tlie ratio of alhite to anor- 
thito in the norm is greater than that indicated 
by the optical ])ropertios of tho plagioclase and 
implies that a considerahjo proix)rtiou of (he 
albite is present m the sanidine, and also that 
the plagioclase in the groundmass is more aodic 
than the phenocrysts. The sodic character of 
the alkalic feldspars is a feature commoi^ to tho 
Packai-d and Swan.sea rhyolitcs. The total 
lai'k of magnesia does not fuUy accord with tho 
results of optical study, but the biotitc is so 
scarce and thinly scattered that the smaU, chips 
used for aunl\'sis may not have coiitauied any. 

This rock, as compared to the earhor rhyo- 
lite, is more distinctly cryst^illized and very 
free from silicification and hydration. The 
two rocks therefore can not be correlated on 
micrtwcopio evidence, but tho probable position 
of the rhyolite west of Tintic Mountain, within 
the lower pui't of the great latite-andesito 
series^ may not be far fvom that of tho earlier 
rhyohte. The rhyohte of Tintic Momitain 
tUffci-s phj-sically from the Packard and Swan- 
sea rhyoUtes in the absence of quartz pheno- 
crysts and hi the traehytie character of the 
groundmass. In percentage of sihca, however, 
it lies between the two. It is a httle higher 
m the olkahes and lower m lime and magnesia. 



u 



OEOLOaV ANI>OBr. DEPOSITS OK TlNTTC M:NI>'G DISTB.CT, UTAH. 



POSl-RHYOUTE I0XEOU& KOCK3. 
GEHEBAI-RELATlOIfS. 



r.-me^u9 rocks 6nipt.'d I'Ltcr than the rhyo- 
litc^ just described mdwio n great series ot 
cffusivo iiitit.es and posail)!y imdc^itos, onlv n 
muill part of tt'hieli wcro cxuiniiieil during tho 
recent survey, intnisivo Itoclies of uionzonito 
poriilijTy and monztuuto, and small inti'ush'o 
shw'ts of hustilL (Si'e Pi. I.) ThPsc, :^o far a-s 



noesihio arc describcil iii thn order of gt^olo^ic 'ho end ot the fnl-c limenUine lUofkn of *:obhleytono 



Boquenco, whirh his been dofinitoly detennmpfl 
only at thu few plucfs cited in tliO folJoi\'ing 
lablG. Tlio proofs or iitdicution:* of the se- 
quonoi! lit tliwu places iiro gi>'oii in tho dcscrip- 
tiojiH o: thii difforont i-oi-ks. 



bedded vrilb ihoin. and their ftrikes exprcffl rouplily a 
aemidrcubr amwigemcnl. The area covered hy thia se- 
ries oi Uifia ia ^'►motiiing over 2 s<jui:J-o miles and cle;\rly 
ropr€«eitW a 9e<-Uon ot" a xoltuuir cone. The ikjluE indi- 
cated :i3 the center from nrluch l.hcse trafitneutal dep^wsiifl 
diti id approxim^^tely (hn none of ihw ridgo, luid exuuiina- 
tion of tbislocaliiy fnniii'hed U>e second piece of cvidenco 
a'i to tho p.-isitif>u of the volciin'ic vent. 

The wesletn «inl of Volcano Ridce hiia an elevaHon of 
over 7.1XK) feyt, and thcyco the dg'^;eiit iti sharp to Tinde 
Valltjy, Atthi#rwJif theheddcl tiiffHffive place tor. rock 
which iaalnkingly agi^lorcciralic. Oti tho knob juat east of 



.;.« ,;jii. «. ™^..-..^v ._ BIZQ 

arc iibuiKlint in Ihe coanm inffaceouy raatcria!. A^ vIiq 
nose of ihe ridgT' '3 reai'lif:<I hlockB of qiiarl/.ife b-econae 
morB abundant itian tho^e of liinafltoiic. Several nuss&a 
of wl'.itc w'rcoua quiiriz'te occur. sta,nduiR 20 to 30 feet 
above the <lark-?rcn!a ;t.Qd pr.'-y vo'uanic material, 
These blocks ure phiinly embedded iu the hitler material, 

Sffpimce of poetrhwlilc igMota rori* in T^tic d^tn-i. 



VoUaho Ridga and Sunriae 



Moczcnite pnri>hyry dikoif. 
Jlon^rjiiilo |mr])h)Ty ftnd as*o- 

cifttird latitcfl. 
AiigiUr latile. 

Tul"f toJ aa^lomcralo with 
rhyoblo Iragraen^s, 



RtayoUt« (raustly inrbtaous':-. 



Vicinity o( Siutheam mine. 



MoiizQiiiii;. 
Moozouilri or 
poriAyry. 



Utiltt (?J 



Ewt of Northern Spy shah , 



ffjoarafr bioHlo-au^ite Ictitc. 
I Finer augite-biolito kliie. 



Iiiteraeddpd luffs tad la- 
titcM. 



RbyoWie. 



South of r^si-iDii eta'ton, 



Hornbleiidci-biotif^-augile 

latiie. 
TulYand i4jj;!onioriifo. 



RhyoliU.. 



LATITE TUFFS AND AGOLOHEHJITES. 
VOLCANO RUir.V.. 

Tho lowest rnonibcir of iho aeries, whorovor 
the sieqiicnw cnii ho. dc-finitoly dcti'vmiDcd, is 
lilt it-t^ ugglomcrntii and tuff. It is best exposed 
around Voleimo Ilidge, over 2 mile-s youlhwesfc 
of Diamond, where It fonns k very thick series 
of bedi^, di]>ping concent ntiiUy au'iiy from the 
iioso of tlto ridge, which wiis o^adontly a center 
of cniption. Tho pn»<eiil ^vTi:.^M■ Iuih studied it 
only (doiig the. sonllieast base of Sntirise Peak 
and the crest of Volcano Kidgo, and liia obser- 
vations confirm Smitli's dccription iji the cfir- 
licr I'ppuit,' which is hs follows: 

Tint wfhlpm half of Volcano Rklpc if seen to bo tho 
reiiuiuH of a df^ply crcHlp.l \ olcanic zone. EroMou has so 
well exposed Ihodiffereni j>.uUot the old valc«r.o lh:'.t (hu 
chnrai-tcr of the cruptioo and Iho 9«iuem-e o! i%s prcKliicUi 
can bo quilo definitely dolcmiincd. 

ThovoIpaiucL*nlor;.Mnaicat»)diii(-.vo%\-!iya. Tho thick 
bwla of fino and coars^j grceaiwh liiff» have dipt* of iO° to 
W. Thww pyroelMticw have aheela oi audcsile inler- 



i Tj«,T, .1. w.. jr, .n,5 Jimith, G. 0., vi,. rn.. VP '>^3-"M. '< /.i).!«v 
wr(riHiim.lw.ii.a intrwillstrtcU 



as the softer materia! bn« beco eroded away in acver.iI casea 
BO thai the lower fluriace of Lbequiirtzite block is expose*!. 
* * * Rhyolilic mutorial io alho foutd on the slopes at 
tbiy locality atid i? extremely fni4fmenlal iu cliaraeler. 
Toe apglomerate here in iia coaracat phone contains fng- 
oiiiiila of rhyoUte. andesil'.*, qiiartz-ite, limestone, and 
shale, '.vhilc the finer jiortitiiis aro seen under the niicro- 
0C1JJ1O to coataiu niiaeml fr.'^iTiicuts aa well as parlicica of 
cla^"s, the latter exhibiUiig twmewbut of an aah structure. 

With this o^glomerato are aawciatcd irregular sbc^j^s and 
dikes otaadeaite, the whole pre^ulin;? rather a>iifyj^ re- 
lations [tboii^b majiy of the dikes haveroughlyradiiU posi- 
tions xsybovni in Plate Ij. This intiinato imxlureot lava 
aiid pyrocbiMtir! iimterial li eueh as mi^ht bo expectetl I'-t 
or ur-ar a vok.yiic vent. Dikea of iuidcijitc porphyry are 
aiyo jiroiiiineat on the wlopei ol Volcano Ridije. 

0:i tho cxircLiiG end of Volcauo Ridge, not f;ir above 
the \'al!ey level, there oct-ura a tnass of quftrt'/ilc soveral 
hundred feet in diameter, Thi« :ui(i a much lo^er area 
of quartzile »3mewhat over a niile tlistant to the southeast 
do»ibtle*3reprt«<.';itauucoverpil poriiona of jUe undeTlying 
q'lftrtJiiie irhith was ei:j;tulfed in l-je tlowa of hu-A ant", de- 
po«il3 of volcanic ci<!Ctamenta. The preaeace oi tbre* 
kilidd of aedimentary rock in Ibc iitJilom«rAte shows Ihat 
the point of eniptiou wnat^liwe lo the contA(;t of the Bobin- 
NJD (TiuticJ quiirUi'.* [whit-h vrw. rmpjHid to include (he 
overlying ahalo or wliiiol and ibe Kurcka [TKiilonicl Hi^e- 
"Htdiio. r.v (.ciall lincovtiritl limettony area near (he caslcni 
end of Volcano Ridge confirms tbia conclusion.] 
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It ia probablo thai the Volcano Ridge vent a'oh but on« 
of several eruptive cyaters, as extremely conr^o bfcii-iiw 
occur ill the volcanic series of Long Ridge, about milea 
to thf poiithcapt. On Volcano Ridpe, however, iho rela- 
tions arc ben expa«cd, and this volcanic cent«r is more 
lully d»B«'ribc(l siuce it ia believed to be lyptnil of the 
enrluT c-niplious of [the jxtetrhyolilel andesite in Ihc 
Tiiiiio Moiiotaina. 

The inclusions of rhyolite provo that tlie 
andreitic nj^lomorato and luff aro later tbau 
tlio. rhyolite in this ■Nnciuitj-, but thoso of iindos- 
it(v sliow that the agglomerate and tuff do not 
voprcsont the very oarKest andesitic eruptions. 
Tliut thpy iiro older than nny of the adjacent 
volcHnic rocks is proved by tlieir eiistwurd dip 
benealh the flows and by the clearly iiitr\isi\'45 
forttuet of the monzonite porplm-y to the 
north. 

The small ai-cn of coarse and iiiie grained to 
slaty tuff northeast of Sunrise Peak is clearly 
fl northward continuation of the Volcano 
Ridge scries, cut off from it by the later intru- 
sive Sunrise Peak mass and uncovered by tlie 
erosion of overlying flows. It dips gently 
northeastward and its contacts are for the 
most part well exposed as for north us Dia- 
mond. Thence northward it dips benenth the 
surface, but its exact boundaries fire eone.ealed 
by talus and allu\ium. 

Tbo cbaract*>r and extent of tho material at 
Hoi-seshoo HiJl, wost-southwost of Diamond^ 
is groittly obscured by profound alteration and 
disintegration. Hardly anything but bloaeluul 
debris can bo fotmd, some cloarly of tuff luid 
aomo quitfl undeterminable. Thin sections 
prove its sunilarity in texture and composi- 
tion to the fmer tuff of Volcano Kidgo. 

Another small body of tuff, only doubtfully 
correlated with the tuffs of Volcano Ridge, is 
foimd on tho low spur south of the Sunbeam 
mine. Here, too, tho lithologic clip-ractor and 
structure of the material are greatly obscured 
by profound alteration and disuitogration. 
Undoubted tuff can bo rccogaized at a few- 
points from tho Triuniph shaft southward, but 
absolutely no structure can be determined. In 
fact, atlcratiou has so thoroughly bleached 
both tlie tuff aud the adjacent monzonito por- 
phyry that onlj-^ the most gonerali/ed bound- 
ai-y can bo drawn between them. The fact 
that tho tuft* is uiclosotl or possibly overlain 
by monjwnilic porphjTV, together with its 
composition as shown by iho microscope, af- 
fords tho basis for its c^iTclation. So fur as 



gimeral appearance and location go, it might 
bo considered a thoroughly altored ma.«^s of tho 
rhyolitic tuff, which evidently extended farther 
south of Sioux Pass than its present outcrop. 
but ui the absence of any closely associated 
curlier rhyolito or Packai-d rhyolite, all evidouco 
to provo such a correlation is lacking. 
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Atiother disthict series of latiti^ or andosite 
ii{:;glomorate and tuff is exposed in tho gorge 
of Pinyou Creek at Lagmia station, near tln» 
northern boundary of the TiTitic quadrangle. 
It lies directly upon tho obsidian at the top 
of the Packard rhyolito and beneath one or 
wore flows of latite or andesite. It has been 
traced southeastward over 2 miles but is con- 
ccttlod through much of this distance by talus. 
It may extend much farther soiitli thim tlie 
map indicates but was not noted during tho 
short time devoted to the rocoimnissance oast 
and south of Goshen Slope. Its texture is 
very uneven. It includes some disthict betls 
of voiy fine, soft sandy tuff, almost free fmm 
luigtilor pebbles, hut in most exposures largo 
cobbles of obsidian are embed<lod without defi- 
nite arrangement in iho finest malrix. Tho 
toxtural character suggests convibition with 
the volcanic series of Lting Ridgo luentionod in 
Smith's statement and further emphasizes his 
opinion that andesitic tuffs must have been 
onjpted from more volcanic centers than the 
one at Volcano Ridge. The table on page 54 
shows that the Laguna tuff, like that of Volcano 
Ridgo, lies at the base of tho latite-andesito 
scries, but study of the map (PI. I) will show 
that t'he two bodies of tuff can not be [)rod- 
ucls of tho same eruption. Such a cx>rn)lation 
would also have to accomit for the fact that 
the luff at Lftguna. far removed from the center 
of eruption, is much coarser than most of tho 
material close to the center itself. 

Other beds of tuff, noted during the earlier 
survey but not visited hy tho writer, occur 
northeast of Diamond Divide, north and west 
of Tintic Mountain, in Big Dog Cauyon, and 
on I.iOng Ridgo. 



LiTiioixir.v. 



The megascopic character of tho latito tuffs 
hfts boon described in the preceding para- 
graphs. ' In thin section tho Inclosed rock frag- 
ments include latite or aiidosite, quart/.ito, 
limestone, tmd a httlc glaasy lava; tho mineral 
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fragments are pltigiochiso, augito, hypoi^theae, 

biolite, niagnotllo, quarU, und uUcration mui- 

omla, iTicluding i-htelly chlorite, opidoto,. sori- 

cito. calcile, qimrlz. nnrl chjtlccdony or opid. 

Plugioclase is thu most nbuJidant mineral imd 

includes soDm p^-uins of so acidic u composi- 

t'lorx that ihny may widl l»c. fnigmeiUs of phcii- 

oct^-sU fi-oin (ho oldor rliyolilo. The primary 

(\miTi7. i.s probably derived from ihc> older rhjo- 

lite and is in somo soi:tions, UJgethor with 

iingidiu- areas of socondi'-ry (luartz. sufiicioutly 

abimdiint to ^vo tlio app^araJico of riyolitic, 

tufl'. Curtain thin .sections fron: Volcano 

KidK^, Crystal Canyon, and Horsoshoc Ilill 

prosont this apponrance, but in tlio altered | consist of a glassy bnso crowded with minute 

tuA'poutbof thoSimbeani mind thelittlequnrtz laths of pbirjiocbise and witb the alteration 



la thin section (he plngioclaso phenocr^'sta 
have extinction angles indicating n coinposi- 
tiou Dear Ah,o.\n„. They are as a wiiolc un- 
altered, but. a vay few crysfcak are slightly 
iinpiegnated with small grumiles of epidote 
and chlorite and minute iiecdle^i resembling 
iH'alite. The augite jihenoerysts have n pule, 
green to yellow pleoehroism. The larg(>r crvb- 
(uls arc partly and r^omo of the .smaller ones 
completely nltered to the same seeoiuIfLry 
mJiierftk that wort^ noted in the feldspar. 
Apatite and magnetite are conspicuous under 
a high power, forming mierophenocrysts of 
tallica] shrti)e5>. The grouudmass apfienrs to 



prt'iMint is cvidontly all secondary, and in this 
respect the inatorial differs from the rhyohtic 
tiilt farther north. 

ACOITE LATITE OF VOLCASO RIDGE. 
rusriiinaTioy. 

Directly nverlyiug the luO's of Volcano Ridge 
is a flow of augitc latito, about 'AW) feot thick, 
dipping gently southeast. Its oUusive ehar- 
nctHr is marked by ar. upper vesicular orc.myg- 
diiloidal i)hr*.so aeeu in the saddle north of 
liueldiorn MoTuitaiii., Two sections across it 
worn nmde. one just southoust of .Sunrise Peck 
and one along ^'olc^i^lo Ridge, and b neither 
w^as liny o\ndenc« fouiul to prove the prosenco 
of more than one How of rock ot tlija tj'po. It 
has not. been follo\V(5d south of Volcano Rid<'e. 
Toward the north it thhis somewhat imd is 
cut olE and covered by the mass on Snm-ise 
Pci^k. it has lint been, found north of Suit- 
rise Peak in its expected position above the 
tuft in ('rystal ('anyon. Kastward-dippiiig sia% 
of rock of the same t.\iio in the tufl" of Volcano 
Ilidge, togother wuh. the evidonce above men- 
tmnud, auggi^t that t-!ie uugitc latite was 
oruptod from the Volcano Eidgo vent and 
ilowetl southeastward but did uot extend north- 
waiil ho)'oud iho position of Sunr)so Peak. 

Uo rock is dark grt^onish gr.-,y, <IenBe, and 
Ituciy iH)rph)Tit,c. coutaimng Uth-shapod phe- 
aoco'«t. of p!„gioc:Iase and of shiny black 
nugae .h„t runge from mere speek^ up to 
0«Ufe 3 j^,U„^,(^,^ long but averse W 
Ihrtn 2 nuiUmete.^. T\i,. two minenTLs arr 
about equaUy abundant, though th agi " " 



products of flugitr gi-anules, which tend to 
produce a more or loss diatiuct ophitic texture. 
A partial chomienl aiuilysis and the corre- 
spoading ]>artial norm are given below. 

Partial analyses an^nom o/aufjite latU^. 



Atwiyht^. 






1 


2 


Konn. 


SiO, 
MgO 


53.75 

3.ao 

5.95 

3.18 
4 U 


3.22 

.1.59 

4,39 


Ortlii.1 laso 2'1.46 


CaO 


AUjil« 27.47 


Na.,0.... 
KjO . . . . 


Magnnvrtiuin meLasili- 




70.31 


7-4.59 


93.73 



IOC laso 



*IlldBrt..-.3 0.16 par canl DoO j«id (1.07 pcT ceiilBrO. 

1. .Vugirc liiviU; of Volcano Iliil-'C. Geoi^u Su^iger, 
aitalynt. 

2. Ayi-ngc laiiic. Daly. R, A., .\veDign chuiuical 
i^impoiriiionB of igneous rock t.vpi'j*: Am. Acad. Ar(s and 
f^ci. Pro::., vol. .16, p. 221, 1910. 

Tho iunount of potash, correjsponding to 
24.46 per cent of orthoclaso, is especially notc^ 
worthy, as jio orthoolase or biotite was de- 
tected in thin section, and therefore they must 
be pre^scnt in the glassy grouiulmass. 'Yhis 
forttui-e is suflicieut to classify the rock as a 
laiitc, as i& also the close similarity between 
analyses I and 2 in the above table. The 
ratio of nlbitc to anortiute ia the norm dota 
not correspond closely to the ratio indicated 
by tbo optical charaeters of the idagiodaso 
pheuocryst-s, and the discrepancy is even nioro 
obvious if it is realized that a considerable 
pai-t of the uormafivc anorthito belongs to 
ttugitc. This is 6.\plained by the probabihty 
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thni- tiie plflj^iocltisc Iath>j in the gronnduinsa 
arc more sodic thtin the jibonocrj'sts ami that 
II considcrabtc part of the sof!a may, like oU 
the potiish, he represented by tlio j;;Iassy purl 
of ihci grounduiass. 'I'hi> plcodu'oism of tho 
nugito, I'nrthcimore,. HU^iCfJ^f'^ts that it nmy coii- 
ttiin a sniuU umouut of tUo aogirito (sodii-iron 
p\TOxene) inolocule. Tho small 0x0**55 of 
silica in ihp norm is doubtless no more thnn 
(mough to enter with iron into tho luigito. It 
is iniprohiible thiit thnre is any fi-co silica, 
equivuKM^t to (juarfz, in the glassy groiuulmHSS, 
ftnd in thi.s respect tho augitc latito diffei-s frora 
tile priucii)al intrusive bodies of nionzouite 
and nioiizoniio porphyry. 

Tho nmj'gdiiloidiil variety at tho top of tho 
flow is more g^etsai^h in color and contanis 
olongrtto nmygdultw fJldd with caloit«, nioro 
or less clilorito (peanino), and opaline silica. 
Whoro oouspicuously weathered it is liloached 
to ft gray and tlio aniygdules are complolely 
lertchod out save for n little residuo of yellow 
eartliy limonito. In tJiin soetioii tho augite 
is nearly all replaced by uggrogiitos of calcite 
Dnd chlorite (delessit^i?), and tho plagioclase 
ha3 altered to calcite antl soricite with a little 
chlorite and chftlc^onic or opnlino silica. 
The texture of the grouiulmass is still distinct. 

OTHXR OCCCRREHOES OP AUOITE LATITE OR ANDESITE. 

TtuD sections of speciraons of augite anclosite 
{or latite) collocted during the earlier siu'vey 
worft ako studied. At two localitios, west of 
Tintic Mountain nnd north of Diamond Divide, 
tho i\iicrosc-opic foatiu'os of the rock, includiijg 
tho composition of tho plagiocla.^te (near 
Abjo.'Viij^) are quite like those of the augite 
latite of Volcano Ridge. The rock west of 
Tintic Mountain, according to the topogrDpliio 
map, raiiy well be the southwai-d continuation 
of tho aatUG (low, but such a correlation of tho 
rock north of Diamond Divide would probably 
necessitiito the presence of a fault xvilh up- 
throw on tho east. Similr.r rock occurs west 
of Slate Jack Canyon and oast of X-ong Ridge. 

aOHZOSITE PORPHYRY AMD RELATED LATrTE FIX)WS. 
DISTiniiTJTIUS' AN'n STRCLTOUAL BKLWlON*. 

SuniTso Peak, south of Diamond, is com- 
posed entirely of u unlfoi'Di mass of dark-gi'ay 
to gi-eenish-gray porphyry, having the chemical 
composition of monzonitc but ranging in 
texture from monzonite to latite. It is 



j geologically one of tho most significnnt rock 
masses in tlut quudrnnglo, for it shows the 
connection of (lows with i\ second volcanic 
netrk. Tho contacts around SunriHo Peak, 
whoro well exposed, iirn clearly intni.''ive. 
This nilation is host showi in tho canyons 
along tho southeast and northeast bases of 
tho pouk, whore vortical dikes of tho Sunrise 
Peak rock ])rnjiKt into the beds of tuff (M'Upt^id 
from the lu-st vont. As tho tutt bounds 
Sunrise Peak on throe sides (see PI. I) tho 
whole pcnk must bo considered an intrusive 
muss. .\r«ny of the dikes on the noso of 
Volcano Ridge are similar in megascopic 
iippoaranco and coiuposition t« tho roi'.k of 
Smiriso Peak and may ba bi part a product of 
the same eruption. 

Tho connection between tht> Simrise Peak 
mass and undoubfod surface flows is perfectly 
exposed along the oast half of tho peak. On 
the southeast side the contact^s with tuff and 
above this with the tme augit-o andosile are 
dearly niarko<!, but tihovo tho andesito tho 
Sunrise Peak rock continu<!s across the suddlo 
and forms tho neighboring summits to the 
east. As the distiHico increases How structui'o 
and brocciation tA-pical of ofTiisivo lavas may 
bo noticed, but any chauges iu structure and 
texture ai-e so gradual that t-extm-e alone can 
not serve to indicate tho intrusive or effusive 
nature of the rock. In fact, it is inipossihle 
t-0 distinguish betwe^'U baud specimens Inkon 
from the summit of Sum-tso Peak and from 
tho peaks and ridges imniodiutoly to the oiust 
or northeast, including tho ridge northeast of 
Diamond. (See IT. I.) 

How many flows were oruptod from tho 
Simrise Peak vont is not kiiowTi. So far as 
i-i shown hy any positive evidence in the 
disintegrated outcrcpa djj-ectly oast of Sunrise 
Peak, there muy bo but one enormous flow; 
but on Buckhorn Mountiiin, a mile farther 
south, there appear to be at least two, and 
detailed work may disclose sovoral. 

In Crystal Canyon, on the northeast side 
of Suuriso Peak, tho tuff is clearly showii to bo 
cut on its west side by tho intrusive rock and 
lo be overlain on its oast side by rock of tho 
same type in nearly horizontal position. Just 
east of Diamond one of tho dikes can be 
followed across the canyon and up the slope 
through the luff to a point where it coimects 
with the overlying rock. 
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North of Diamond, whore the tuff pitchos 
below (bo surface, no boimdftr>' can bo dravn* 
botwoon tho intriisivo and th* effusive rock 
The rid<'9 to tho northoast mast consist of 
offuMvo rock, but the rocks in tlio area north 
of Diamond Gulch, includuig Treasure Hill, 
und in the area north of Ruby Hollow as far 
lis tho vicinity of Sioux Poss, aro of doubtful 



whcrp it becoines confused with blcnchod rhvo- 
lilic mnteridl of splipniiitic and tot7noeous tex- 
ture. At nn phice is the contact woU enough 
exposed to ;;ive definite evidence, but from the 
fiwts that the liniosf.one sm-face appears to 
slope beneath the porpl\yry and that there is 
no change in the texture of the porphvry, 
■whether close to or remote from the contact, the 
interpretation of the porphyry 
us an effusive seems plaiisibl*. 
A more cnnvinciny; argument 
is furnished by the quite dii- 

^ feroutchiira<;tcrof thcmonzonite 

~ '^S^J-.j4?'^s^^^W;^±5^^^?^ contact of the vSiK-er City stock, 
l-LG^:!#V^^ii.TT*4^*^^,■^?'^v't^i^::.."^.+z^ whore rock of grnniilar texturo 

extentis witliin a very few feet of 
F«.c«i..-c«iA,*^a»)«..,n.«itmdta68.*&-E..»..owin,.dat:.nofpo^^^^ thesiiffiice, flvcn in tliosra,LUf.rea 

•VMbAaoulhof »ouX Pus. Oo, Oi-Acnm liiD<«tuiie; Od. BIwbol) dotofflitt; Till, ubiitu jui^t nnrttl Ol OlOUX PaSS. More- 

taui»;T™o.m.r.=™!wforpivr7. Qy^y^ the nion«imito conincts, 

chr-mctor. Tho rocks in and around tho | where not vertical, slope beneath the liincatono, 
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aroaa of poorly oxnoiied tuff north and south 
of liuby Hollow lira so thoroughly bleachwi 
uiul disinlogralod that tho chai-ucter of their 
contacts with thu monzoriito porph\Ty could 
not ho dolorminoJ. It is thcroforo not. kuowv 
whother tho rock of Troasure Hill is a north- 
ward oxtnnaion of tho Sunrise I*oak intrusion 
and tuts up throuf^ii tho tuff 
or is a westward continuation 
of tho ridgo northeast of Dia- 
mond and ovorhes Uio luff. 

North of Rubv Hollow tho 
toxtm'c of the l\igl\Iy disinte- 
gruted porphyry s!iow5 nothing 
strongly iudicalive of cfTusive 
character, but tho position of 
the rock, east of tlte tuil", is 
suggestive nf it, lis is the 
uatin^ of tho liuifstoiie and 
por^h^Ty contact from tho 
Prugon iron mine northward 
to Sioux Prss. (See figs. (J 
and 7.) Tlie workings of 
tho Dragon mino (figs. S 
and !>) have proved tliat the lin\osl4)ne sur- 
face slopes steeply southward Iwneath the por- 
phyry, and the intra^iive contacts exposed on 
800 an.l 1,000 foot Icvc-Ih are those of the 
nionzomtc of llio Silver City stock, not the 
porpli^T}' under discussion. On the surface 
tlie houmhu-y of tho porplm-y, marked bv di^- 
nxtegvatiHl ,uid thorougWy altered material 



or in a direction just opposite to that of the 
monnonite (or latite) porphyry. (Seo figs. 8 
and 0.) 

Tiie higlily mctamorpliosed character of the 
limestone along the CM:>ntaf't around tho "Dragon 
iron mine may suggest that the porphyry at 
tlua place is intrusive; but whereaa contact 
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FiQcBK T.-yctdoii :hranRh TroD Bkwrtin No. I sIiuJl, sSiywinB rohllon of surracc to fcuo^^i 
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metamovphisni is conspicuous in the canyon 
bottom, it is absent along the contact at (he 
top of the ridge just norf.h of the Governor 
shaft, although the limestoncji here nuist have 
formed tho footWftU of the contact. The same 
limestones hnve undergone luotninorphisni to 
the northeast and west, near contacts with the 
undoubted monzonilc, wliieh is bchcved to be a 



extends nKUn.mW ,... .1 i . o- « **""^^uluu mouzonuc, wiiien IS Dcucvea lo iro « 

exttucls obhquely up the slope to Smax Pass, [ laUM- intrusion, and it is quit.o possible, for the 
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foiUiwing reasons, that nil the contm-l inotu- 
morphiant may be attributed to this rock. Tlie 
ilistribiitiou of coutiict mctaniorpliism sliows 
n ilirppt rehiUoii to tho positions of (.he muia 
mon/.oiiite body <^»st of Dinnioxn] Piiss iinti tiio 
small stock e:i,st of the Oarisa niinc, strongly 
suggeriting tliat tli« iwv nre coniiecled til no 
very great depth. T\\o cusiwrn-d bulge of the 
gianular nionzoniU; at the Martha Washington 
shuft. the presence of intrusive uioniionite on 
tlie 800 and 1,000 foot levels of the Dragon iron 



Tin: iibuvc outlined eviiieuce, thoupli not 
entirely convineiiig, f»vois (he interpretation 
of tho purpli^Ty north of Kuby Hollow and 
west of Ruby Canyon us effusive. On the east 
yide of Kuliy Ofinyon, alon«: tho soutliward- 
slopin-i^spiu', tlie rook, whiftii is mostly bleached, 
is of the same eharaetcr as thnt on tho we,<it 
side, hut nt tho north end of the spur imd from 
Ihiil point along tlio enst-wcst. ridgo tlic eirtisiro 
character is clear beyond possible doubt. TIio 
exposures here have distinct tuxitio and nithcr 
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mine south of tho sliaft and in the lower part 
of t'hc drill hole east of the Brooklpi shaft 
(fig. S), the exposure of a gi-anular niouiiomtc 
diko in probablo effusive porph^Tv along the 
railroa<I -1,500 feet ftu-tUcr northeast, and tho 
presGDce of dikes in the Iron Blossom No, \ 
M'orking^, point to a parallel northeastward ex- 
tension of the luonzoiiite wiiich may hftve pro- 
duced the inetaiuorphism in nnd around the 
Drujjon iron rnine. It idso seents more rcii- 
sonul)le to regard the mctamorphisni as due to 
an underl^nng extension of tlie granular mon- 
zonite than to the' quickly chilled niouzonitc 
porphyry of the Sunrise Peak eruption. 



w'ell-defmod fluidal ytructure. and jiorpltjl'itio 
rock tUtornat-es with obscure. ma{?ses of tuff. 
/Uong the eastern half of the ridge distinct beds 
of coarsely and fiuely porphyhlie t.extuie woro 
recogni/cd, the coarse overlying the line. The 
Slime rehititm between coarsely and Hncly pur- 
phyritie beds exists 2 mUes farther east, Ix^yond 
the small patch of Paeknrd rhyoUte, and 
adds somewhat to the evidence indicating the 
direction of faulting shown on the map (PI. I). 
No fin-tlior attempt u'a^ made in tho tinm 
uvAUable to study tho oxtent of the e^■u^ive 
rocks councf'tetl with tho SuJiriao Veuk erup- 
tion, or to distinguish di^erunt ilows. On tho 
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Without Hubdivisiou, hut it .s «a. ni t 
fi.n-lier ropoit ' th.a tbo ni.<-=i nndosilns (that 



TIMTIC MIXING DISTRICT, UTAH. - 

with yollow-ish limonite stains. Its toxturo is 
douso and porph>Titic, phoQocryats eonatilut- 
inj^ libout ;iO por cont of tlio rock. The moga- 
s.-.opio phenocrysUs are pla^ioclnso, hiotitfl, and 
ia somn pla<-e3 «ugite. Tho pUt^iodase forms 
siuglo Aud composito lath-sSiapp.d crystals, 
aviTraging 3 miUi-ra«toi-s in Icinpth, with both 
I (Mi-lsbad" mid nlbito twinning. Tho biotit« 




is, llvi) rocks uf thn Suiu'ii^o Toak typo) uro vow- 
Unod in gftnurnl to thn wi^tora tilopo of Iho con- 
tml portiotL of tho raiigo. 

UTHOl«nV. 

Tl\n roi;k nt Sum-isa Peak is tInrV gray to 
greoiiwh ov browiisU gray where reasonably 
frush, but with iixcrcasod -woathering becomes 
blottfhed to chalk)^ white moio or his blotchod 

I Towa, O. W., ii. , Bud Smith, G. O., op. ci'„, |». C39. 



CO SCO and LffW toiit k'^-*.ti of Dmgon ciluo, 

forms coiispic.uou3 6-*idGd crystals from 1 to 3 
miUimotci-s in diiioiot<jr. Its color varies trom 
shiny blark whcro fresh to gccoiitsh and browTi 
whei-o ahoieJ or nearly whilo where leaclung 
has been cixti-onio. Aagltc forms niiauta 
irrogular pitchy blaok grains. Its fornior 
prosoni'O in weathorod &pccinions is marked by 
small palo rusty spots. 

In thin sootiou tho rock of Sunrise Poak ts 
soeia to range from, qaartz monzonile porphyiy 
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A. PHOTOMICROGRAPH OF M0N20NITE PORPHYRY FROM WEST SLOPE OF SUNRISE PEAK. 
P, Plaijloc!,-)st:; B, blotite; A, auaite. MaRnified 40 ciamelers. 




B. PHOTOMICROGRAPH OF LATITE PORPHYRY FROM SUMMIT OF SUNRISE PEAK. 

P, Plaijioclase; B, biotite; A. aufjlte. Magnified 40 diameters. 
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-4. PHOTOMICROGRAPH OF LATITE PORPHYRY FROM RIDGE EAST OF TREASURE HILL. 

P, Plaiilociiis:.!; B, biotite; A, augite. Mar;nified 4C diameters. 
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to latite porphyry. The plagioclasD i^; loo 
miK'h liltorerl and too puorly oriouted to bo 
accui'sLtoly dotflroiinod. but in most aoctions its 
extinction angles ludicttto a oomposition near 
AU^iA]\,o- '^"^^ usual ftlU^ratiou products^ sori- 
ciki, opidoto, iiiid calcitc, am prestuit, and in 
sonic stictiona clilorito (pcniiino) also, which 
replaces cortnin zoiios of tho plaj^iodaso. Tho 
biotiti) i^ vory conspicuous iiiul vrhoio unfiltorod 
is quite t>'piciil. Most of iU crystals are in 
grOitlfcU' part or wholly altoroc! to fhlorito 
(pcnniiuO accompanied by more or loss epidoto 
and in a fpw sections by calcita. Tho iiugito 
occurs n\ostly in poorly" shaped prisms and 
irreEculiir grains, 1 millimotor or loss iji major 
diuznetor, and most of it. is virtually a constit- 
uent of tho groundm;>ss. Many of tho Inrger 
grains aro simplj' twinned and show a Jistiuc) 
pulo-greoix to ycUowi^ih-whito plcocln-oism. It 
is more or less aUercd to cliloritR (peniiiuo or 
locally dGlessito?),opidoto,andcalcito. Magnot- 
itG and apattto form typical microphcnocry?ts, 
and in one soction several sDiiill titanito ciystals 
were noted, ono of them inclosed in biobite. 

The grouiidmass varies hi texture. Tu some 
sections — for mstaiice, from tho lower west 
slope of Sum'ise Peak and from ono of tbc dikes 
extending into tho tuff — it ia mierugi-anular 
and shows the composition of a r(uartz raon- 
zonite, containing short, distinct laths of 
plagioclaso and irregular grains of augite and 
hiotite with intoi-stitial grains, some of ihcm 
rouglijy poikilJtic, of nlkalic feldspar mid more 
or less distmct quart?. (PI. XIV, ^i). lu 
others — for instance, from tho summit of Svm- 
rise Peak and close to the Horseshoe liill 
contact — tho groundmass is composed of small 
plugioclase laths with som^e augito and biotito 
in a brown glassy matrix, a texture identical 
with that in sections from near-by hills in the 
effusive area (PI. XIV, i?). Thus, wliilo the 
megascopic transition from hitnisivo mon- 
zouite to clearly effusive latito is found at a 
couaiderable distance from Smiriso Peak, the 
microscopic transition takes place within the 
upper part of the peak itself. Augite is more 
conspicuous than biotito in the groimdmi^ss, 
though the rorei"se is true of the phenocrysts, 
and evidently crystallized as a whole later than 
the biotite. AJtoration of tho groundmuss to 
epidoto, clilorito, sericito, calcito, and secondary ' 
qwartz, or chalcedony, is very common. | 

Bpecimotis from the area of effusive rocks are, ' 
as already stated, in large part essentially of tho ! 



same character as those from Sunrise Peak, but 
certaki difl'ereui-esj especially in color and de- 
gree of woatliering, are widespread. Tliough 
tho fi-esh I'ock is dark gray, the outcrops have 
oil weathermg. which has been mom pro- 
iiouufed than at Sunrise Paak, acqum?4 purple 
or reddish colors. Wnirrc brotieiated and How 
structure Is well developed the rock is much 
more wcatheivd than where it is miissivc. In 
thin section the phenocr^•sls ai"o similar to 
those of the Suiuise Peak rock, the plagiochise 
behig near Ab.i^Vji:^ or slightly more sodic. 
Augit*} is scarce or absent, but as a rule its 
typical alteration products and crystul outline 
are recognisable. The groundmuss in speci- 
mens collected near Suinise Peak^for example, 
east of Crystal Canyon tmd on the ridge north- 
west of Dry Canyon near the 7,300-foot cton- 
tom'^s identical with that at tho summit of 
Sunrise Peak (PI XV, A). In specimens c-ol- 
leoled (during the earlier smvoy) nt greater 
distfiiicas — for example, northeast of Diamond 
Divide and at thn north end of tho main latite- 
aiidesite ridge— the groundmuss ist more Iiighly 
vitreous and shows marked microscopic flow 
structure and more or less perhtio cracking, 
and there ure relatively few phenoci-ysts. 

OTHER MEMBERS OF TH£ I^TIT E -ANDES IT E SERIES. 

VAHi:rriEs ANii msTninirrtON, 
Other memboi-s of the latito-findrsile series, 
which according to the eiirlier roport ■ cover 
the gi-caterpart of the area, include the follow- 
ing varieties: Augite-hypei-sthenejaugite-Uypcr- 
sthenc-biotitG, hornbleude-augite, hornbleude- 
biotite-ftugite-h>*poisthene, and hornbleudo-bio- 
tite-augitc, Tlieirdistrihulion and extent have 
not been defhutcly worked out, but .cpecimeus 
from difTeront locaUties lUTunged according to 
cA)mpo3ition show the following groupings; 

Oaiurrcnc^ofitiriUicsoflaHic-andcaitcin Thttied'ulrict. 
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Although it is very ))robabJe that there may 
bfi more thnn oim flow of tho same mUicral 
compcwition lutd that some flows worn erupted 
from different (inters thun othen<, uiul iilthough 
nothing dofinitc is known of tho sucf^cssion of 
the flows ttt these differnnt plat'Ch, the foregoing 
table is of interest in suggestijig a moans of 
cornilution which may help townrri the further 
idontiti(;ation of postvolcniiic fiuiltb. 

tlTROLOGV. 

Ifie foUowiDg (jrif^f notes will serve to sum- 
rnftrize the important chnrai.lcristir* of the 
(hfft^rent varieties, 'j'hej are, with one ex4Tp- 
tton, based on study of thin sections wade for 
tlio earlier roport. 

Auglie-ligptTsthene-oiotiie variety. — Tho plugi- 
ocIjiso shows ti marked xonni gmwtli tind Ims the 
QVf*ritg(i i-ompoHitioii of hju^ic, lahradorito, rang- 
ing from bylownito (Ah-^\n^) to basic oligo- 
elaso (Ab;„An„..). The augite has tho aiune 
properties as that in tho hivas already de- 
stTibed, itioluduig a piilo-groen to yellowisli 
pk'Oihroisni. Jt grudes from pri&nis 2 ov more 
ndUimelei-s long down to mbtut-e anhcdron^ in 
the grouiidniiuss. Hypoistbonc vHries in quau- 
tity. In somo sni'tiuns it forms u fnw scattcM-ed 
rrystals; in otliei-s it is quite as prominent us 
tho uugite. It oernrs in short, stout prism?, 
mostly I miUiinoter or loss in length, and has 
a marked plcot^liroif^ni from palo brownish red 
to oolorlass. Biotitc, mugnetitc, and Apatite 
jireHont the same fiMiturcw iisi in uU l,ho other 
vtilrimie rooks of 1ho diytrii-t. The ground- 
nii^Kfl ranges from minutely holoorystnllino to 
glivvsy but in all s.u'.tiuns is of typi'oid offusiro 
tiiaraclw. A <ilieuucul analysis of » speeinion 
iif this VflriiKy r.oUn(:rcd on Tin(i<: M<nmt:i,iii 
ui^d said in tho onrlier report ' to represent ''a 
typo vpry important areally and belonging to 
tho lato.sl, eruption " is given on pago 67. 

flornblcndc-bwtUe-dwjUe mriety.—'Vho. horu- 
bleiule-hiiniio-augite vnrietv was found by the 
writer in tho northem part of the area, where 
It occurs as nn extensive How north and south 
of Laguiui station aiul as n dike cuttbig rhyolite 
about a mile soutlioaat of Pinvon Penk. The 
nowovnhos .om-so h.tite agglomerate and tufT 
whieli m turn rest ujiou the Packard rhyoUte' 
Imt no i-elations with any of the other' latite 
llovrs were found. The (hke is exposed in a 

' Towor. 0, W.,ir.. nndSmuh. 0. o.. ojkcU..r.44L 



railroad cut, where its width is about loo feet 
but is coneealed witliin a sliorL distance on 
each side of the cut. It is accompanied bv a 
considerable amomit of red opaline silica 
mostly in the form of loose debris. The only 
other known oceurronoe of this variety of 
latite, as showni in the table on page 61, lies 
east of Long Ridge, along the southern half 
of the oast, edge of the quadrangle. The dike 
may have served as a feeder to the Laguna 
flow, although it may be rather too rcmot-e 
from Long Jiidge to have supplied the flow 
there. In any case it seems evident that tlie 
flow's of tliis typo, hke the tufl's beneath tlu^n, 
wei-e erupted from anotlier center titan those 
represented by Volcano Ridge and Sxinriae 
Peak or by the monzonite mass of Silver City. 
The roek is medium gray, dense, and por- 
phyritie, with phenociysts of doubly t«nnned 
glassy plngioclaae as much aa 5 and even 10 
naitlimeters long, black, shiny hornblende in 
prisras from 2 to 4 millimeters long, and hiotite 
in woll-definsd six-sided plates 3 milliraetcrs or 
less in diameter. Biotite and hornblende are 
about equally ahmidant. In thua section the 
plagioelase is zonal and shows the same varia- 
tion in composition of the zones m m the other 
varieties. Its overage composition, therefore, 
k that of labradorite. The honiblende is the 
hro^\T\ basaltic variety. All its grains show 
partial to complete resorption, and in a few 
sections tlic resorption rims can distinctly be 
made out to consist of augite in short rods aJid 
magnotito or Umenite in fine roimdcd gi-ains, 
both embedded in a matrix of small phigiodase 
anhedrons. This association tends to show- 
that, in spite of tho mineralogic di£Ferenc£, the 
honU)lendic rock is chemically tho same as the 
more wmmou hornblendo-free varieties. Tho 
biotito Ls t\7>ic«l. Neither hornblende nor 
bioUte is represented in the groundmass, and 
tlieir place is taken by augite, wjiich is a promi- 
nent microscopic constituent but occurs in 
poorly formed grains all less than 0.5 milli- 
meter long and grading domi to tho Imest 
specks. Jlagnetite and apatite are relatively 
abundant and large, some attaining a diameter 
or length of nearly 1 miUinieter. Titanite 
forms a few small microphenocrvsts, some of 
wliich have perfect ciystal outlines. The 
groundmass is more or less glassy and in other 
respects typic^il. 
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A partinl chemical aii:ilysis of LKis rook tmd 
the corresponding partitil norm ure given he- 
low^ together with the corresponding pcrcerU- 
agea in the average. lutite luul average andesite. 

Partint anahtU tmd norm of homblendi'-tixotiU-iiUfjite tatiti. 
ana an.ittj3is o/areragf lalitt arul aiuicxitr . 
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1. Htiriibteii(Ic-biPtite-?.ugite laii:e. George 8(cii;cr, 
a'.ialyst. 

2. Aer-igG latite. Dalv, R. A,. Am. Ar;i«l. Artaand Si:i. 
Prtic, vol. 45, p. 221, liilO. 

3. Average andcsilja, Di-iy, R. A., op. nit., p. 223, 

The ratio of poto-sh to soda shown by this 
anftl3'sis is not quite ns high as in the other 
Dimlyses of local latito and monxonite giveu on 
pages 56 and 07, and the ratio of normative 
ortbociaso to albitc is correspondingly low, but 
not ns low aa the true ratio, for a considerable 
amount of the potash belongs to biotite. 
These facts, as well jt^ a conaparisoii mth the 
average ajnilyscs of latite and audesite, indi- 
cate ft rock of prevailing latitic character but 
grading toward aiidcsito. The total alknlies 
and alkaline eartlis sho\vn in cohiian I are 
lower than in tlie other locid Intitc and raouzo- 
iiite, and tiiia deficiency is doubtless compen- 
sated by a relatively higli pereentago of iron, 
contained chiefly in the basaltic hornblende. 
A conniderahle amount of the normative anor- 
thite and a small amount of the albiie -should 
he assigned to this hornblende, leaving a higher 
percentage of nlbit* than is indicat4i<l by the 
optical properties of the plagioclase. Thi5 ex- 
cess of normative albito, as in the- augite latite 
(p. 56), may indicate in part a more sodic va- 
riety of plagioclaae in the groundmass and soda 
ID the glassy groundmoss available for sodic 
orthodase. The percentage of silica is very 
cloeft to that in the average analysis of latite 
*nd is sufficient to suggest a small excess over 



that necessary to form tlie sUicates of the rock. 
The excess of silica in the partial norm of 
cmu^o inohidcs some that belongs to tho iron- 
bearing silicate minenJs. 

HomhUiuh-duffilf. vancty.—'Vhe homblende- 
angitc variety is of the same general composi- 
tion as the rock last described, with the omis- 
sion of the biotite. The augite, however, in 
some of the thin sections studied forms more 
distiiictive phenoerysts. 

CUSirARISON' OP THK UL?K»fc;NT VARIETIKji. 

So far na the microscopic study and piirtiid 
analj'ses show, the difforent varieties of tiie 
latite-andesito series are nearly all cheiuically 
identical and equivalent to the intrusive monzo- 
nitic bodies. This relation is fiu-ther considered 
in the description of tlie monzonito of tho 
Sdver City stock. Mineralogic difl'crences, 
such as the presence or absence of biotite or 
basaltic hornblende, are evidently duo to varj-- 
ing conditions of temperaturo and pressuru 
wlien the phonocrysts were forming, or to 
slight variations in certain constituents, sucti 
ft-s iron oxides. The fact that the phenocrv.sls 
are generally resorhed is proof that they c'l-j's- 
tallized before ei-uption, and that under tho 
different conditions existing during eruption, 
such as cooUng and relief of pressure with libei'a- 
tion of gases, they began to break do^^l into 
simpler compounds. The two pyroxenes ap- 
pear stable mider the conditions of eruption. 
The hypei>ithouo, so far as the thin sections 
stufhed show, is absent where biotite or ba- 
saltic honiblende is abundont fm the augitc- 
h^'pei-sthene-biotite variety the biotite is scai-co 
and partly resorhed), and it may he that tho 
presence of hyperstiiene in some flows octounts 
for the MgO and some FeO which iu other flowy 
is taken by the hornblende and biotite. The 
presence or absence of hj^perstlionc, however, 
depends on so small an excess of CM?,Fe)0 
over the ratio GVfg,Fe)0:CaO in the diopside 
molecule of augite that this apparent relation 
between hyperathene and ba-sulttc hornblende 
plus biotite must be regarded as only n sug- 
gestion. 

ALTEnATio.v nmoycTs. 

iVlteration products are the same for all the 
varieties and are generally similar to those in 
the monzooite porphyry of Smuise Peek. 
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GEOLOGV AXD OKE DEPOSITS OF 
HONZONJTE (SILTEB CITY STOCK).' 

0iBTBrBimo\- A^D srkucTunAT. relations. 

The trttcst known important oniptiou in the 
district is represented by the Silver City stock 
of rnonzoriitc, the mnin body of whu-h occupies 
a eorwiderabic nrea between Miimnu>th &nd 
Silver City and a amtjl) aren fnrtlipr soufh, on 
the other side of Ruby HoUow, beyond which 
its soiithw'pst.wiird cxteat is bidden hoae'itli 
aUavliiin. A srniiUei bot!y is exposed north- 
eftHt of the main one, botw'een Sioux Pass and 
tho Northern Sfiy sliuft, and a few still smaller 
borliffl of dikelikc tind irrcgiUu' forms crop out 
farther northeast. The main body is bounded 
on tho west, hy alluvium and by tho S^vansea 
rhyolilc, on tlio north by the alluvium of 
Manimotii Uiisin, on the northonst by contftct- 
mc'tnniorphic liraestooe, ami on the eust and 
HoutheiiHt by tho monzonite-latite porphyry 
from tlio Sunrise Peak vent and the obscui-o 
fti-ca of hitite tulT. 

'Hie oonlaet with the Swansea rliyolite is 
described on page 50, where evidence ia ^ven 
to show that the monzonite is tlie younger 
rook. Tlie contact with thelinn?stone is clearly 
intrusive, (is sliowu by the sevorfil inclusions, 
the metumovphosed condition of the iijueatoiie, 
the short, irrngulnr apnpliyaos penotrating tb,o 
limestone, and llie tendency of tlio monzonite 
to form a narrow porpliyritiR contact zone. 
The cliiUiuf; c(Tccts are well t^liown at Diamond 
Pass in a northward-trending dike, wliieh lius a 
Jislinctly granular appearance whore it crosses 
tho road but ii dense porpliyritic texture aer^r 
its tenniniUion along the Bln);k -lack iron 
uiino. Tlio nmucrous limestone inclusions uud 
the Iiighly disintegrated ehantcter of both mon- 
•/onite and limoitonp jjroittly obscure the wn- 
Uu-i relations east and southeast of Diamond 
Piitis. Sovoritl liniostono inclusions, once wholly 
covered by nionzonite talus, arc now exposed 
by iirtiilciid road cuts nud tunnels, mid it is 
very probable that the inclusions are fa.r more 
numorons than the map indicate, 

The contact of the mouzonito with the mon- 
xonite-lutito porpliyry is \vholly obscured by 
thorough disintcgrfition find alteration of both 
rocks uud to judgo by sui-face appearances 
could be mterpreled a.s a gi-adation, but it is 
shown elsewhere (p. 58) that tho two rocks 
wer e oruptc.1 at different, th ough not necessa- 
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rily widely separated times. The presence of a 
dike of the monzonite cutting the monzonito 
porph\Ty in a raih-oad cut southeast of Sioux 
Pass (see PI. IV, in pocket; also p. 59) is evi- 
dence that the nionzonite. is the youjiger of 
the two. 

The dimensions ol' the nionzonite, so for os 
indicated on tltc surface and in mine workings, 
uro tliose of a reotangular or oUiptic^nl body, 
only a part of which is e.\posed. Its norlli- 
easterly trend is expressed i>y tlie limits ut the 
mctamorpbio limestone mid by tho small mon- 
zonite stock and dikes already mentioned; 
also by the al>scnce of any nionzonite in the 
workings of tlie Opex (2,200 feet deep), Emer- 
ald (1,100 feet deep), and Mammoth (2,300 feet 
deep). Tho tuTangement of the bnie.stone in- 
clusions, which are more numerous than is 
shown on the map, indicates the great irregu- 
larity nf the upper nionzonite contact. Tlie 
norlhcrumost portion, which in the I^ower 
Mammoth worJdugs is seen pitcliing north- 
eastward beneath the limestone, is virtually 
separated from the rest by the large limestone 
inclusions shown on the raup. Only two are 
mapped, but the tunnel i-epresented as pene- 
trating southward toward Robinson triiingu- 
latinn station is mostly in limestone blocks 
that lie beneath a surface of nionzonite dCibris 
and are separated from one anotlier by mouzo- 
nite. The northcustwan) oontinuation of the 
nionzonite beyond those inchuiions is expi'esscd 
by tho broad raetamorphic limestone zone. 
East of Diamoud Pass the nionzonite again 
vises among numerous hmestone blocks, and 
the lughest point along its contact is near the 
7,000-foot contom-. The small stock at Sioux 
Pas-s is pveu higher, reaching the 7,540-foot 
contour along its west contaut, and may well 
murk the reappearance of the DininoTid Pass 
" apex " continued tlirougli the hill. This 
relation is further suggested by the distribu- 
tion of motumorphic limestone. Recent de- 
velopments on tho 800 aud 1,000 foot levels 
of the Dragon iron mine have exposed the con- 
tact of nionzonite and limestone west und south 
of the shaft and proved that it extends east- 
ward beneatli the surface at tViis place. (See 
fig- ^, p. 60.) The absence of typical monzo- 
iiitc, except possibly as a few" thorougldy dti- 
composed dikes, in the Northern Spy and Iiou 
Blossom No. 3 workings, togetlier with its 
absence in the lower area to the northeast and 
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east, prores that tlie roof of the iiuni/.miilo 
body must pitch steeply in these ilii-cctinns. 
Tlio'f"iisideral)lc oxtcnt oC mild cimtnct mclo- 
iiiorpiusiu a^sociiitpd with the snuill intrusiuns 
iK'tir BuiTistoii Canyon, however, rtut!;gests that 
jiiatl-»T large body of moiizonito is not many 
Jiuii'IitMi fpot below thosiirfiico there. 

'V\\c iliickiuws of cover over the iiitruwivc 
7uon/.oiiite must lia^e been considerable. The 
miiuerous iuelusitins of limestone and quartKito 
ishiAV that tlie path of the intrusion lay mostly 
throufxli these rocks, and the pveiience of sca,t- 
tcred rounded inclusions of lutite or andesitc. 
lis well as the character of the eiHtern contact 
of the monzonitc, iutUcates that some surface 
flows may also have cajipcd the iiren. The 
maxinnnu tliickru'ss of hmestone, if the present 
hifj;liest pciiks \s'Bi-e assumed to represent 
remnants of a liurizontal plateau, would liuve 
been about 1,000 feet; but such an assumption 
ia not wurnintcd either by Iho relative riito of 
erosion ol the limestone or by llic character of 
the prcNoleanic topography as shown by the 
Purkavd rhyoUte contact and the effusive con- 
tacts around Sioux Pups. Faulting (see p, 86) 
might account for a suUiciont sedimentary 
cover over the western edge of the monzonite, 
hut mit over its greater ])art. How great a 
thickness of voh^anic rocks may have once 
been present here can not be accurately asecr- 
tauied from their [)resent distribution, but 
their rohilively r;ipid rate of erosion could 
account for the tUsappearanco of a consitleruble 
tlijckn'css. The exterision of tlie Lititc of Sun- 
rise Peak in this tlireetion, to judge frcnn its 
distribution, could hardly have reached above 
the present 7,200 or 7,300 foot contour, but 
eruplinns from tlic uionxonito center it'^elf 
may well have taken place, im^luding rhyolitc 
from the Swanscii uitrusion, and built up 
R. thick series of tufl's and lava'^. If tho 
ti]>pennost flows of tho volcanic, series — for isx- 
Eimple, the uugit.e-hypci"sthene-hi(ttite latite 
of Tintic Jfountain, which is very similar in 
composition to the Silver Gty stock of vuonzo- 
nitfr— are pTojoctod over the nioiizonite with 
as low, a dip m 5°, the}' will indicate, an ap- 
l>roxinuit« thicknt»ss of 3,000 feet above tlui 
present sui-face. Such a tliickriCHS, even after 
ikuhiction for possible over(S.tinialo, would 
lni.V(i formed a cover quite suflieient to account 
for the slow cooling indicated by tlie textui'e of 
itvi?,nr;"— 19-— .I 



tlie ninii/.onite and woold probably also have 
compleieiy covered tlie highe-it limestone pieaks. 
Tlie grent amount of erosion necessary for the 
eomplelo renio\'al ef so thick a scries iVtim the. 
cnliro nrea ni>rfh and east of (he monzoiiilc 
tlu-uws some tlonhl upon the relations sug- 
gested; but that l\u) postulated <*rosion is 
possible is shown in section C-C of I'hite II, 
where the restoration of the N'olcamc Ridge 
flnd Sunrise Peak cone^ indicate that between 
2,000 Q-nd ;i,000 feet of rock has been removed. 
Tho evidence jis ii wjiole, tliercforc, althougli 
in)t octunl proof, suggests- very slrotigly (hat 
the plulonic character of the luon/.oniie and 
thegiv.at tenipcrature changes expressed in the 
metamorphJc limestone arc due fo the slow 
cooling of the Tutuizonite magnui under n 
cover composed iti part of scchnientary rocks 
but im>stly of volcanic rock^;. 

I.1T1T01.00V Of THK MAIN' TYIK 

The coloi' of the freshest material found is ii 
uniform dark, smoky purple, but by far the 
mosf. common color is a light speckled gray 
with bmwnish and pale prnidsh variations. 
The megascopic texture appears to ho mostly 
even gnitnilar, with a porphyritic tendency in 
many places, plagioelase and subordijuite 
hornblende or pyroxene forming the pheno- 
crysts. The ciogjiscopic minerals are purple 
to wlute plagioclase, ui aut<im(n-phic crystals 
averaging 3 miUiinc-tei-s in length, with dis- 
fciiict aUiite twinning, alkaiie feldspar, mostly 
of pale pinl; ci»ior, in aggregates of Hue an- 
hodral giains tending to surround plagioclase 
and the dark minerals; hornblende or p3'roxcne, 
in short dark-gi-ecn pri-^ms 1 fo 2 millimctera 
long, single or liere iinil there in small aggre- 
gat:<'s, Honn? showing splintery cleavage sug- 
gestive of hornhleudo, others a suiglo smooth 
cleavage or parting suggestive of jiyroxene; 
biotitc, locally iu dbitmet Hakes but mostly in 
obscure species, docidetUy suborcHnate to the 
horrdileiide or p^Ttivenc; nnignctite. in minute 
specks; and -hi sonic specimens pyrite, in nd- 
nuto gi'niiis or streaks, for the most part dis- 
tinctly secondary. 

In thin section {PI. XV, B, p. 61) the porphy- 
ritic character is much more common, owdug to 
the prevailing gi'<*atcr size of the automorphic 
pliigioohisc and hornblende or pj^roxene over 
that of unhedral alknlic feldspar and quartz. 
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Tho pkgioclnsfi, nil in antonorpliir: ci-yshila, 
the shortest 0.1 miUuncler long, is U-umod 
nc^ording to boUi Cnrlsbfld and aUnle law's 
and its extinction angles na combined hvms 
indiciite a imposition of AbjaAn^j, or br- 
Uvwn Ab^Vjii-, and Ab„An«. U incloses 
iTiinute grains of aiigito und ningiiotitc liut i.'^ 
partly surrounded by Ur^a srninsof thcsunio 
rainorrtld. It ia os a nilo fii-e from marked 
alteriition, but whom ultomlion !iiip Wii lo- 
cally pronounocd it is changed more or less to 
ficricitd. opitlot<i, calciti^, and qunrtz. T\n' 
alkailc feldspar /urras xenoniorpliio grains, 
few ovor 1 millimctef ill diameter, with sonio 
su^^esUon of pcrtliitic slnioturo. It lips most ly 
iji tho gruundmass, but some of tho hirpci- 
gmins form imporfect hordci'S around plagio- 
cltiso ory.-iLnls. It i;* iniifonidy dusted \\-ith kao- 
lin, in nitirked coutni'it to the fresh phigiouhiso. 
Quartz i= prcxont oiily u^ microscopic nnhe- 
dwi grama 0.2 or 0.3 milliraotcr in dinmeter, 
that arc ftbundnnt in tiir groiindmass and 
closely nssoeiiittid with tlio ulkalic feldspar, 
tho two forming itiiorognipMc intergrowths 
at lUHiiy points' In one section ahnoHt. t-he 
whole groundnia.ss was composed of the mi- 
crogi-aphio inlevgi-owth ciuhodding antoinor- 
phic crysUils of phigiodnse and ferroinagiu'sinn 
mincniU. Augite forms imporfeclly sliapod 
(bypftutoiuorpKic) eryatnlii, whose edges inter- 
lock with the grabis of tho groiuulmasa. Most 
grains sliow l.\\'inuing, sonic simple, othenn 
multiple. Pleochmlsin is very slight *n- iib- 
seiit. Miiny crystals rvvo ful) of small mn^w^t- 
itc g:iiui3 and huvc outer fringps of |H)orIy 
developed biotit*. .Utenition vanes; i« the 
Km:il] stock north of Sioiis Pass the aiijjito 
;ms gone over to eldorite (dolcssite) and eoU 
cite, Uio typi(-!d alteration in the efi'usivo 
rooks, hut in t,he luiiin body most of the augite 
hr.a altered to hi)rnl)Icnde. The hotter change 
can be followed from scctioas in wliieh the 
nngit* show., hardly a ti-iito of alteration, 
tlu-ough tl,o.se u. \vhifl, ,dl l,ut a eenlrul coro 
has chan>,^ed to libiwK, umlitic hornhlcnde, 
to otheiv. by far tho most numerous, in wldch 
only fibrous or eonipnet hornblende is present 
Simie hornhlendo grains are dlsthict,ly ei-ht- 
Kdfid, evidently p.vsernng the c^o^;^:-soction 
ouUmc of the origiiud augite. Otheis form 
short pnsm^ roundly ov bbntlv pomted at 
tho end., reseiuhling the hypei-Jthone of the 
efTusu-e rock.; but uo unchanged hypersthcuo 



was fomid in any of the nion/.onifc sections, 
Biotite fnvnis a few typical crystals, rarely qt^ 
1 millimeter in diameter, but is mostly limited 
to small clusters, apparently tho an-estcd 
growth of larger c.i-;>-staIs, around the nugite- 
hon\blende and also seatt-orod through the 
groundmas-s. Both the uun^te-hornblc-Kdc und 
the hiotite may la; altei-ed, the former to ehto- 
rit4' with epidoto or calcite, tho latter to chh- 
rite alone. Mngnctitfi forms irregular grftins 
rarely as lUTjch as I millimeter in diametc4'. It 
incloses npat.if*., aud small granules of it ar« 
inclosed in or intergrown wit.h the feiromng- 
nesian minerals; but the bo-undtiriojs betw-wn 
it and these minerals are irregidur, and ia 
some sections tho larger magnetite grains 
partly surround tho corners of au|]rite and 
plagioclose crystals. In the same peetions its 
outlines against qmirtz or the ratcrogrnphic 
intergrowtlis are largely but not whoUv auto- 
morpliic. Apatite, ?Jrcon, and titnnito form 
t^-pical small to minute ciystals, inclosed in 
all tho other minerals. 

The origimd fcrromagnesiau minerals —nug- 
ito, possibly hypcrsthene, and hiotito— are 
noteworthy in their difference in character and 
relative amounts from thoso in the monzonite- 
latitc poq)hyTy of Sunrise Peak and their 
closer similarity to those of later ftow>-, espe- 
cially the latest latite flovf on Tintic Mountain 
(p. 62), Altliough not sti'ont-; evidence in 
itself, this difference accords with other evi- 
dence showing (lie inonzouito of the Silver 
City stock to l>c different fi-om nnd later than 
the monzonite-latitc porphyry of Sunrise Peat 



CnEMlCAL rOMTOSITION. 



The chemical analysis of the monzoiute is 
given in column 1 of the table on page 67. 
Comparison Tvitli column 5 showv; the close 
similarity wit.li tlic latite of Tintic Mountaia. 
Comparison witli column 4, the nccrage analy- 
yis of moniionito. shows an excess of silioa in 
the Silver City stock, which accouat-s for much 
ol the free quartz. The name "quartz in<^' 
zouite," however, 1ms not been adopted, for 
quarts is only rarely preseut in megascopic 
grains, and "nionzonit-e" therefore ^^^^ 
preferable for field use. The low MgO and 
CflO as compared with the average anfllys» 
indicate a rehitively low percentage of dark 
silicates, a din'orenco in accord with tho excess 
of quarts:. 



T^,^'Ko^? nocKft. 



67 



Comparison vnth aualyscs of tbo nionzonitfi 
flt Bingham, Utah (eoliinins 2 and S), shows n 
olose similarity botwoon (ho two rocks. Tho 



-* 



two off.uri'enrpg siiij^rsts their '"orrplj^tj^n ns 
pnrls of one extensive nnnizonit<: mngma which 
the mcn'c i'ttniplcto strurlui-al record at Tinlic 
rock of the Tintic district ia rohitirely low \n proves to linve been iiitnuled lon-^ sl^^^j. ^.h^ 
IfgO iirid cspex'iully in CaO, hut t-he tiifferences folding and during tho Tcftiaiy (po.st.fiocone) 
arc no gi'cater than may exist hi diAcrent nieni- , volcanic perio 
bci-s of the monzonitc-latite scries of tho Tintic 
district. Tlio niinertil composition of the two 
rocks is alao vory similar, though tho rock at 
Bingham shows uioro variation in tho occur- 
rence of tJio dark silicates.' Aiidosites, near 



VlSTlii VAHlATION'a. 



Fouriutercsting minor variations of tho mon- 
zonitc wcro noted and area briefly described he- 
low. These are the normal contact porphyrv, 

Atialijsts ofvion:oniUM and Vttikt. 
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Ifttite in composition, arc also present in tlie 
Bingham district and have the same relations 
to prcvDlcaiiic topogi'aphy fts the Hows .at 
Tintic.^ The time of intrusion of the mon- 



a quart;< porphyiy, iin nlkahc granite, hiuI a 
syenitic norphyiy contuiiiing negiritc-augitc. 

Contact forphjry. — The normtil c.ontact por- 
phyry is of very small extent, and has been 



zonite at Bingham is not defmitely Icnown. ' found only locally. It is perhaps best exposed 
Ke-ithstates that it may have been either before I at, Diamond Pass, at .scuttercd points* on the 
or after the folding: of the sedimentary roclw, ' upper road, and along the crest of the soulh- 
and that "the facts in other regions may thi-ow ward-trending spur. It is dark gray, den^c, 
light on this question." The closo similarity an.Jshghtlyporphyi-itic. TTieoidy conspicuous 
in composition and in structure between tho pH'jnocryst. are plagiock.c; they "1'*;^,^^^;;;^^^^ 

and far lesa uumexxjus than in tho poip'ipy o' 

'Krith, .\rtbuT,Ar«ag«>i<>Bj|orLhortijrE^iijimiDininftdi:iirict,vMabi: SviiiHse Peak. In tluu scctiou the tc.vturc is 
'WeS'S;.^'"'""- '^^-^"'P-^'-^^- iratlicr uneven, the phenocrysts tenrling to seg- 
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GEOLOGV AXD OPF DKPOSnS OE-- T.STIC MKMNU mSTRICT, [TTAH. 

iiid.'terminablc hiuck gnuiis. In Uiin seetton 
it is compcoeH of niiv-ropertiiitc alwut 64 per 

ccjil, qiiJirtz aboul:. 34 per ecat, and pliigio- 

chusH, slightly pIc<tcliroir augite (and horn- 

bloiidp), inrignotite, ami zircon. Tli« imcro- 

pcrthite forms hypauloraorpliic iul«i-Wking 

":rftiris, coasKleruMy kaoiiiiiwid, as in the 
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roKate and form patches of coaisor grain. The 
most abundant phcnocr>-sts seen in the thin sce^ 
tic.n are pi agio el use, whioJi is zonal, thu oomposi- 
tion of different zonca ranging from Ab.,,.Vji», 
U) Ab.sAn,,-, and aveiaging Hbout Ab,,A"«- 
Augito forms a few small crystals of the same 

chiTracterasin ihcmain tv-pc Afewscatlered _ . ^.i 

giuins of weakly plcorhroio bornblondc uto also tn«cai n.onzoiutc. The quartz iw a wliolo w 
pnsent. Biotl'te foniia a few skeleton-like inlci-stitii.l, bn( Hs cxintacts nro much inUji^ 
flakes. Homo min-lod *-ith augite, othei-s sep-i gro^MV with the ftddsptu-. 

aratc. Tho groniidmuss ia composed of fuic ] The rodk is mlerestiuK when i:',ompnrn<l with 
plagioclnsc laths with interstitial fcnomague- j tho typirid nioiizonito as a product of simple 
.Stan minerals, nlkalie feldspiir, »nd (piartz, : difFenmtiation i»y fnnTtiotial <Tyst!illiaation. 
QfMir/2p£)r/)A.'/ri/.—Tlioquartzp<n-pb>Ty phase Tho fact I hut Ibe alkalic ftddspap and quarts 
of the inon/.oiiite forms ii tiin around t!iG lai-gc- 1 are confined to tiin groiuidnniss in the puiphy- 
impurequartzKcincluiiion in Ihcsng northwest j ritic phti!«^ of the uionzouile is cvidftnee tbal 
of tlic Robinson tri;ingidatiou station. It 1 they were the. last iniporUut minoraU of tho 
grades into tjiMcal mon/onitc. Its ni{>gaswpic rock to crystaUiiW. If tlie olherniinerah after 



appearance h c'ssenliaUy the same as that of 



ervstalliainff had time to segiw^uto and form u 



tbo Swansea rhyoHtc pttrphyry, nave that tho|loi::4d body unusually rich m plagiodajso and 
phonocryHts are smaller. In thin section t\\& augite— in other words, a gnhbm — they would 



phcnocry»t5 are poorly formed and include J«ith 
of thu feldspars, qiiartx, and hornblende (prob- 
ftblv nfter augito). Tho gniundnifiKs is very 



leave the ren^aining fluid jioiiion to crystaUizo 
an alkalio ;^ran)tr. Suoli residual portions of 
nlkahr, gmnite eould foriii local patoheit grading 



fine, grained and highly (ptartzose. The one;' into tins Jvurroinidin!;:^ rock, as in tlio present 



6e<;tion stuiliod wan too |M>or to warrant a more 
dcdylcd (It^cri|)tion, but Un; c\idonee pre- 
sented shows thai (lie quart/, porph3Ty phase is 
in tor met bate in cbaraetor between the Swansea 



caatj, or might remain fluid until fra<'.tunng of 
tho a.Iivady solidifierl inclofiing rock allowed 
then t,o Lake tho form of local dikes. 
A few narrow dllceleU of granitic f.onip<wition 



rltyolite- porphyry and tlie nionzojutt^i, and at were fomid noar the Swansea rhyolite contact, 
least si:gg(tsts a small amount of niai-ginal as- One out across a latito dike, which in Inrn cut 
strailation, llio impure qunrUitc having en- [both the rhyollto Jind (ho nioiizonite. Tho 
ririu>d l\u: nion/,onile magma in silica, a httle [ texture of tho gnvnitie dikeleU ranges from 
ahtraian, and probably a litllo pjtash. These ' uplitie to fmcly pcjjfniatit-ic, with marguis of 
additions would cause a;i increase in the per- I fcldspiu- and middle bands of quartz and 
wnlago-i of quartz and probably allodic fold- 6no Idaek grains. As seen uiid(M' a hand loiis 
spar, wliicli iu turn rould aecount for the. I the. pink ulkalic foUspar predominates over 



appearance of tliese mineraLs as phouocrj-sts. 
Time WHii not tnkon tu study tho margins 
of all the quartzile inclusions, f.nd ii is not 
kunwn whether >\n-h quartz porphn-y rims 
are eonimon or exceptional. In either ease 
howi'Vin-, (he ooeurrcnci' is of interest as a 
suggesticui of (lie reactions that may result 
whnro n inon/.(>nite riMnaina for a long time in 
tontaet with quarlzito or other highly yiU- 
coous roeI\s. 

MkaVfC gmnUr..~~'V\\c all^alie granite pirns 



taso 



the fine grain:;: of white plagiocla-^e. Ilie 
origin of these dikelel;; may bo closely similar 
to Unit of (Jie nikalic granite just de.scni)ed, 
the residual alkalir. magma having been tiipiH'd 
by a fnwrturo in the nlri.'ady oonsolidato<l niou- 
zonite. The jiorcontago of plagioelasc in »uch 
a -rock co(U(! vary according to tho coniplete- 
ncsft of scprj;i.tion before eonsoUdation, with 
or without local intmsiou. 

Sif{i)if!v porplufri/.—'The. syonitie porphyry 
phase was found near tlio west margin of Uio 



lil '■' ' "*;f *'"^'"'»' "^<^"*' » f^^^^t in small stock north of Sioux Pass, within a few 

tTAZ\ly7l^'""""T'^^^^^^ •^'' ''--^ l"^'l-'- 1-ini. As \i. diiferonc^s 



n."I .on.p,.cd uhno.t entirely ol unstriated .iale-d. It is darlc gray and ranges In to.xtur. 

li-om ji typical porjjhyry to a completely 



feldspar and quartz, ^\^th thinly scattered 



lf!N7:ors norKS. 
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pnmnlar rock tlint ^'{ulos info tvpiciil moa- . Ititi-u^^ivo or rfyusivf. Ono dilco. nhout S or 10 
zdiiitc. Tlio piionocr^'st? nn; plai,'ii>flii-^r ui foci tiiick iiiul uJ" ca^iti-rly trviifi. i-uts thu inuiu 



wi'U-forniod Ittths nnd smnll irivgular pUrhy 
black gniiris, \v]ru-.]i iIip mk-i-o.-icopc prnvt-s to 



inonzonito- iiuiss in n milioml cut west of iho 
roiui forks iu Dmjron Cfiiiynii. Us miiionil 



bo iiftriritr-iiutrito. In thin poctiou (PI, XV[, coniiiiisilioa is Hio sumc jvs thiit of (ho iuc.k>si]u>' 
.l,-]). 7-^/, tbp plnsiofljiMii.-i zonal uju! Uio zones nioiizonito. Tbn njirrow lalilo itiko nf nortji- 
niiigo in composition fmm klH-mjorilo in the criy Irrnil. cuttintr m-ross Oir nionzonitx^ and 
contml part to oligof;livso (AlvVn,,,) on thn i quartz porpiiyiy coutjicr, is nionllonod on pugc 
i-iiri. 'Hit! plugiocltij^o crystals ai-c partly or | 6i*. It is lUiiiost noiiporj)iiyri(i(', hut. its nitcro- 



cvori wholly suiTOunclod by niirroportbik* 
ri-owcli:(I with niinuto gniins of iio^iritp-augite- 
Tht^ iiv,croporthito and iioj^iriJo-augilo fonn 
snuiil phrnoc-rysts, rnrch' over T niillinio-tcr 
loni^j which grarlo down to gninulcy ui t.hc 
gruiuidir.uj^s. Tbo f^roun(Uniiss is i:onipos<»d 



scopit; niincnd coniposit.iou is Niinilar to thiit of 
tlio moiizonito. A fo\s'' dikes, onti us nuicb as 
100 fco( wide, out. tho offusivo ](i\-iis jusl, ciist 
of vSimriso Poak. Tlicy lu-o \n>a(hcr<?d to a 
C;rooni.sli-o^ray color nnd have a (incly firanukii* 
grouudnuuss. T]ii\v urii nuirh altered !)ut. mv 



cssontiaUy of iilknlic feldspar imd imgiritiv shailiir to Mso miiiu monzonilo niiv-=s iu inincnil 
uugilo, with numerous sm;dl grains of lilanito eotnpositiou and nuiy Iiavu been l'ecdoi-s to 
and a few of i^pidotc. Tho cliaructer of both | some of the upper tlows oi' pyroxene hitito. 
titnnit-e and opidote nnd O'^ptrciiiUy tlnur iiiti- Two oljscuro ocoiu-renccs wcro found in (ho 
ninto rehitifms with unaltered niiei-oporthi(e vicinity of Burrist on Canyon — one to Mio south, 
and iicgij"iic-auy;ito fiug^^est their pmiuiry near tho oust oiul of tlic ciirliiT rhyulito, liud oun 
iiri<^in. Magnetite, iipatiti?, :ind zircon nro^lo the north, on tho southwartl-slopin;; linie- 
uko pro.scnt in sirtiiU nmouut. In one or two slono spur. Tho exposures wero loo l»ull\' dis- 



places phonocrysts of plagioc-lase havo been 
fnu-itured and recenuintetl by veiidel^s of 
microperthite nnd ftegiritci-au;i;ite. 

The (extural relations of tho niineruls show 
the rock to be virtually u gmund mat's of alk^dio 
syenit* with in(doscd plagioelaso crystals of tlio 
same eouiposition as those v/hich (^haraet^^rizQ 



integrated to show I heir structural relations 
cleariy, but both iiro intrusive nnd u^sociated 
with nuirblcized limestone. (See p. no.) Tho 
unallored rook is of light-gniy tii brownish 
color, uidJke any of tho other dikes. The 
plu'noerysts arr^ pliigioolivso, soinewhaL lesd 
calcic than In tho other monzonitc rocks, bio- 



tho monzonito— evidently a product of incoin- ! ttto iu woll-formcd abimdaut. rr^'stals, and 



niioitwcopic augite. The groiuiduiass is dis- 
tinctly quftrtzoso and rosenibUv llmt of micro- 
granite, but tho rock eontains no phenooTysts 
of quartz. Its general character, however, 
though intenuediatc, is nearer to that of nion- 
zonilc tliii.li to that of tiu^ rliyolitcs of tho 
district. 

OhmSTE BASALT. 

No basalt oxposurii's worn visited durijig the 
reamt survey, and tho following puragrapha 
are quoted from t.hp earlier report: - 

AlLhoUf;Ii hasait w of ciJaimon tx.t urwnoc south of tho 
Tiiitic Mouul-iiiw, !>.■* Writ aa Ui tho other parts o( tho 
Gront ]ta*<iii, it vxin foimd in only one lix:uli'.y wiLliiu tlju 
■Tinlic qaadniiigle, Ilou^e lUitle is a jiromiiniiit. ll;iL- 
toppcdhill about 1 luilo wi.-stof Tinfic XIouuTiiii; Uafalt 
(»ix:ur» here in ijiree »mall irtvi?, tlie outlintii n( wUieh 
suggest intmddil nhi'<!Ut. Immediately southeadt of House 
Butte Iciisilt. l-i fountl on tlie tjiile vl a nx-ine. In Ihi-sc 
loi!uUtii.'H, Us elttewhew in lie Tintic Mountiiirw, lulua 
found at a few i>laces but can uot bo certainly i atcmimlations somewhat conceal geoIofiU- relations, 
correlated witli anv of the large oe^uuTouces, '■ Mc-Ka«^:.ic-ilIy tho hvalt b, a black, very compuct 
^ rock, without tho \-itrcou^ lexture oi uic aarlcpr of the 

' f*sly, R. A., Orlrln of itw MeHnm r«U: •'Vil. Soc. .\mtfictt UbU., , — " ' 

^«L 2t. pp. 87-ns. 1*10. \ ' Tower, G. W., Jr., SnUm, O. O., .ip. ell., p. fr». 



plete clifToronliQttou. The udjacpnt nionzonito 
is of tho nmin typo, enntainijig nonpIeoeUi-oic 
auy;ite uud cousidcmblc quartx. Tho procxws 
of differeatirttion, therefore, was not so simple 
;i3 iu the other phaso-s described. Tlie pdi"- 
phyiy has Ifist itji excess silica and incivasod 
its uLkahos. More thorough study may show it 
to be tho restilt of reaction between the cioazo- 
uito iind the inclosing,' dolomite., lus su^e^stcd 
by Daly.' The unusual abundaneo of titanito 
iilong with the opi<lotc may be attributed, to 
the union of lime from the doloniito witlj some 
of the excess silica of the nionzonito. The po- 
sition of the porphyry at tlio very highest part 
of the cont»u;t, or at the very roof of tho stock, 
is aUo favorable to Daly's hy{»othosis. 

MOSZOSITE PORPHYEY DIKES. 

Dikes of monzouito porphyry have been 
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aiidml«.(btiM. Itfavciyfinegnunod.widnom^^- 
.-copic phcm. n-U, ofc«r. Vnd,r the .mcroscoj * t be only 
Iihonr^cmtA s.^." r. are ot olivine and augit.-. oml th<^> nr-i 
Inorh !.-«. important in amoiint (!i:vn the gr.joiidn.x'^. 
Th. o\Muo. occurs in v,-dI-U-n.iir.aif J Fum^ ind ..j>s*t«n. 
quiu. fm. fmr. alU-mUon. The ai«,nlc ii also co urW^-'^' 
L lhi« -^.ct.an bur, i< P-uM\y <li«iinifiu='lied Irom tl.c 
ullvirw Ijy iU* mora fATr.-.;t cIwvuk--, anJ ..K-jn«d cx- 

IJTM Ui>ll. , , ,,. 

TliLj Kr«u'"lnia>* f-( the baeali. la quite holcK.T>'Htanm.v 
nnllKLt^il^;• ol ii umf.nn mat of laittH ot pla^l-Aiw t-l\is]:ar 
and r-ryrftald anti iiuliodn of aOKite, XflSneUtxJ itl Hnioli 
CDTlaU ai.l xrain-H L^ .•«:nU.-red ihr-^uphoul the rock. w;lnlf 
»]wut(i occiifH ill liii-t; micnjwrtp:.: iiJ'dlfi. The imirn- 
Iif«vi of fol(U)<ir BboB- a ilislinrt UonML-i- jirouud llio 
l*liGDi-T>'»bi. r'olriuj and a wIluwish-liniBn nmlcrinl fill 
I>*in-3 ill ihv ^>rlc. 

UlFt'KltE.VnATIOX dV TUB IGXEOITS ROCK.S. 

ESTABUSHEB FACTS. 

A conipkitc Jis(ui.^yinn of in«fj:mutif difTor- 
onliuliun of tlic i^onu? rni'lw of tlic Tintit ilis- 
tiiol, ai'liou*;li mnny fiicts htivc beoJi ostali- 
lislu'il, must iiivuive i-'onsidfniWIe siKTuliition 
(111 fa<-,U)i>> wliosu iiifhicncii ih unknown. Th*i 
more of tlipso intipfinitc facloiTi thore »t.ro tho 
farlmT rm:st the ^lisciissifin cranio fnjju roarhitiy 
11 cunvincing coiichisioi^ Any I roatinpiit of tho 
siibjoet shoiilt! r«oogni/c tlie [xjsi-iMo influences 
of riiKginutK- stofiing nnd nhyKsnl n.'^-siintlut.ion 
on jiliy^iciil iHul ('heiiiiciil wnditiojis within the 
magmn. The corK-hinion i.s rcaciied (Jmt the 
silicntiis rocks of pi-c-C'iunI)ri:iii txud i)o«wibly 
(.'imibriiiii ftge muy pciuujw Imvc contribctod 
miilfriiil to tho fninitition of Ibn riiyolilt-s, 
but tlmt tlip linip*,toiu'« \md no iii>prcc.iftblo 
inlbiPiiH! of any kind on the crompositioii of 
tho if^noous rocks mw oxpospii. 

Thii (WUblislipd fucty urv. sumnuirizL'fl billow. 

1. l>.o stMlmuMitiuy rocks, nil older than th« 
igneous, binl boon folded unJ, as shown in a 
subHWiUfiit y.'clion (pj^ 77-00), o\-t*:ayivcly 
fmtUcd Ix'foro volcanic orapf.ioiis lirgnn. Some 
fjuiits, liowevw, rspooiidly Hrouiuf (lie mon- 
zonilo, were evidently formed during volcanic 
ucUvity. 

2. The prevok'iuiic topography of tlie secii- 
niontiiry «ron was much tlic ;^unio ns tlmt of 
liwday, and lio^itrolciinic erosion luis beoii con- 
finwl mostly to tho roluHuic rocks, wiiicli in 
some plnwH miiy Inive. been .is much ns 3 OOO 
foot, liiickcr Uinn now. ' 

;J. Thu knottii order of eruption ia (I) Utilo 
or iindesite, (2) ihyolitcs, (.Tj hitltc and mon- 
/onitu, (I) biiriiill. 



4. These rocks flvc closely rcbited iu mineral 
imd cheniiciil compitsitioii, iix well as ii\ geologic 
occurrence, and, with the possibJc oxwption of 
the IjUTsnU, evidently c«nic from a common 
source. It is possildc ihnl- tho smiill iimonntof 
l)aaalt is nuah hiter tlinn the- otlier rocks nnd 
canie from u. deeper source. It tuny be equiva- 
lent to the bn^iilU elsewhere in Vlah Ihnt T^-pre 
ei-uptcii in lale Teriiary nnd oui-ly Pleistocene 
oinc, after the iiplifo of tiie immcnMc fault 
blocks of the ''Bi^in Kaii^M-'' 

5. Tlu? ordor of cryatalHzation in nil the 
rooks liMs been the same. — (I) plagiooloso (in 
crystrtls with succcspively less Ciilcic zones), 
ferromf.gncsiim t-incflU's, lUii^otite, uputitc, 
nnd liircon; C'J) nlk:ihc fehlspar luid qunitz (if 
present). The e-Nrtct ordor for single niineraLs 
can not be definitely sttitcd, but the first gioup 
lis a whole was distinctly crtrlier than tlie sec- 
ond. The quiirtz phenocryst?* in rhyoliles were 
liiler than the phcnocrysts of the first gi*oup, 
so fa;- as db-cet relations between them eonld 
be found. 

Among tno indefinite fiic.toi*ri nro these: 

1. The rock.s cut l>y the uprising nui^jma in 
the dWerent voleniiic een lei's include, ne~sides 
H measurable thiokiiops of limestones, a thick- 
ness of quarlKik' indelinitcly gi-catei' tUnn 6,0(10 
foctiuul aJi unlvnown tlue.Une?sof prc-Cumbiinn 
granites, gneisses, quartzilus, and schi.sta which 
are known U) underlie tac quartztle elsewhere 
in Utali. 

2, The fact that tlie diincnsi(>ns of the igne- 
ous rock bodies lieneath the surface nrc un- 
known prevents even an nppr(jxi;nfite eslirimte 
of the volume of pre-C!ainbnaii and C«nibriiin 
vocks displaced and tlius rendered subject to 
sinking and to nhyssul assimihition. 

.■^. The duration of volcanic activity and tho 
tune avitihible for the asainiihition of older rocks 
nnfl for diflcrontintion of the resulting sjaitcc- 
lie magma wldcli conld be ex[)ro:^:^ed ui the 
later empbions are likewise unknown. 

i. There are no data uvailnble as to tlio shape 
of the roof of t!io ninguia rcservtth" and thi^ 
homogeneity of the mogn^a at the beginnhigof 
tlio volc-aiiic period. The roof may have been 
satTicicntly irrcijular for t.ho rhyoUtic portions 
of the magma to collect ii: the upperniost parts 
of the chnmbcr througb gravitivtive dUTcren- 
tiation, even before any eruptioua took place. 
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EVTDEMCE IW EABLY LATITE AND EARLY RHYOLITE. 

Tlic oUtesb volciinic rock found, by tlu^ writer 
is tho curly luliti-i or imdositc, Init wliotlicr lliU 
rock is the oldest of iho ontirc volcaiiit- scries is 
uol. known. Ktirtliermore, it Ls not known 
(.broui^u -ft-kat conduit or conduits this latito 
and tl'.o -succeofUnp; early rhyoUtc wcro onipt»Ml, 
nop Uuough how many' geologic furinations iho 
coiiduitrf cNtGuJcil. If any rocks di.splac^.d in 
tlui lower ainl pmhahly larger part of t-he 
t!oiiduit sunk and wore assiimlatod . b^^ Iho 
niagnta, the ro(vks thus assmiilatcd must havo 
hifludrd liie siliceous pTe-Cnmbrian rocks and 
peihaps sonic of tho Tijitic quarUite, but liino- 
stouc couUl havo played only a minor part in 
tlio prot-TJ?*!. Wlititiifr or not assLniUulion of 
the.sc rocka was inrmoutaal in giving llie oldest 
of the known lavas of tlio Tintic district a 
latitie compositiun can not be dcterminril 
wil.himt a knowledge of tho composition of tlu* 
original uuigma. 

Comparison between tho visible iniucrnJ com- 
positiou of tlio early andcsitc or bitite iuhI (hat 
of tlie early rnyolit-o suggests a diil'croiitiation 
of the latitc magma without any noce«iMiry 
Fvddilion of assimilated rock, hut tho inipossi- 
hihty of defernxining the primary silica in cither 
rock prevents ii definite coutdusion on. this 
point. If, lifter tho lirst latite eruption, the 
magma remained in the conduit at the general 
cr^'stallization point for the firdt group of 
nuiiernis (calcic plagioclase iind ferromagnesinn 
silicatcii), tlie cvystalliy.ution of these minerals 
and tlio gmdual settling of their cry&tals * \\nth 
a simultaneous rl-^ing of the still Ihiid material 
woidd leave in the upper part of the conduit 
a residual magma aimposed pruieipally of tlic- 
constituonts of alkalic feldspar (including the 
more sodic end of tho plagiocl.-ise series), witli 
Guy excess of sihca. In other words, a triiehyte 
or rhyoUto would bo the next lava erupted. 



>TIie hypottwsli of loph gra-rllaf.lvo dUIv-enUnUon h:ui bwrn it(!\'c.- 
aa«d by A tinmlvT cf wTitrrT; »Iio diik-c Iroin 0n6 UTiothi'r TvanrAvaii 
ix-fluin dclaib af.:.>r(llnii lo '.heir rrjirt,tlvo c<'r..«ipt]jn^ of IntritoJIurlo 
CQDiliU'jfLt. So fjr J.'' '-h.i; pn-iaint wri(«*s expl inti'.kon is n'rAWiK-l, 11 
C:vn ti-jt mailer wliothrf li.c proixvv* wis ono of a limpid triclJjral 
ciTiuaiciUoD or li"-olvcJ ninrr or less rriiU«*>>lvlnK ot \'r-<! aliilni'.(i rrr,*- 
tabjBRlonKastl Wiisof.iiinrtl^'iiidnnitloolo^ivoformcd Ui*<iii.uitiiy 
DtlliyoUN) known to Iwu'vr' ]>fn « iple-I in "lo nr"^'. f-T f:in»«T;;I Ai- 
WWiin of Uw qiiuiiUaa o('Iu'nntiL lalluii |IT' propria It to ilw pu-wiil ■t;\-'i.% 
■w R-hM^tE, 5C., UJlVrfnUiUoQ t)rf H^h'mun: Nohm Jrjlirb., ndl.i^'^ 
&«ivl 17, p. 510, IMXJ; 11,-v><)», L. v., I'clropapby uivd ecaloi;/ of I'lu 
lOKW'o* rcrta of the li)^h«wxl Mounlttlns. Mout; V. 9, 0^.-1. Suni-y 
Dull. Z37, pp. 1SI-I97, iwiS; IddluKs. J. i'., I,ni«)>ia ruckfl, vvl. I, pp. 
2W»S, lwy;C!arta;, F. W., Tho d\{« of uwulwmjrin-, M ol.: V. S. 
I'M-U Rutw;y DuU. rjifi, pp. 307, 313. iJIfl; Boivon, N. h., Th« h[*T 
««»» ol Iho ovjlmioo at tfco igiieous rutks; Jour. OmIojct, v«I. 33, No. 
*.»tppl.,HH6. 



Such a separation of alkaiic I'lvm subalknlic 
mugma is illustrated on u small scale by the 
small alkalic granite wgregalion in the mon- 
zoiiite, de.serihed on page t>8. WTiat has thus 
taken ]il[U-e oti a small scale near it chilloil upper 
contact may ha\e taken plaoe on a lai-ge scale 
in a slaTtthng <'olami^ of liquid lava corercd !>y 
hot, nowly consolidated rock. 'I'iie degree of 
separntion <lei)ends upon the length of time m 
which the lava column can nMiiain at or below 
the cryylallization points of tho more calcic 
plagioc'Iast! and fcrnmuignosian (mafic) ntlncr- 
uJs and ftbo^c those of alkalic f^ldsjiar (uml 
quartz,). That such an intenal nuiy iic of &>u- 
sidcrable duralion is showni by llio Intites of tiie 
ilistriet— for exiimplo, t,luu. of Tiutic Mountaiu 
(y>. 52), whicli is composed of more or less 
rcsorbcd jjhciiocrysts of plagioclase and mafic 
Tiilneruls, in a glassy gnanidmass made up 
chiefly of the components of alkalic fokUjJor 
and quart/.. 

EVIDENCE IK THE PACBLARD AND SWANSEA RHTOUTES. 

The eliemical relations between the Packard 
and Swansea rliyolites luid monzotiitic rocks are 
illustrated by analyse-s. The relations of both 
these rocks to the scdintenlary rocks, however, 
though ra tiler clearly sho\m stnicturaliy, lenvo 
room for si>oeuJation so far as assitniJutioa of 
sediments and std)scquent dilTerontiatiou are 
concoJ'ned. 

RELATIONS TO MONZOMTIC U0CK8. 

The chemical and mineral (.lifferences be- 
tween these rhyolites ami tho monzonitic rocks 
are shown by a comparison of their norms: - 

Ivorrna o/ruiLs 0/ Tinlu: liutri-rt. 
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Y2 . GKOLOGY A>' 

The Iwo rhyolili's hive aboul twieo as muoli 
normative quftrtz us the ktito md mo.i/.onito. 
'ITie two nommti^'o alkalic I'eldspars maintain 
a noiiriy uniform ratio thjoughou).. 'Hiose iti 

the Packard i-byolitoaiv in excess of the otlieis ,,•..,, , , . ^., 

but .stili mairitnin th.- rutio I:i. Tho, :mor- ' Ma ihyohlcs mny bo uUnhuUvl to sbght dif- 



uppcr mugma, still trorifaiuing enougli of tho 
imnrl'uilf molrt-ule (o form amlosine, wes 
erui>lrtl llirou^rh two or nioro uifTei'cnt vents 
to form tlto vhyoliti's. 'Ilio small difleronces 
in conii>osi(i(»ii hctwofu tlio Paekiird and Swaa- 



fcrenccii in tlifi olimiimtion of nnoithilo and 
fcmic molt'cnlcrf at two diiYoix^iit vents, but the 
iliJTorencoh htc. too sh^nt to be. ol' any ronl s'lg- 
nirintmt.'o. TIk' fjuartx nnd tdkab<i fi-Klrtpiir in 
tho nion/.onito may also signify incomplete 
difToivntiutioii. 

Rl'tAl'IOXS TO REDDIKNTAltV HOCKS. 

A\liclb(!r this difforcntiulion was due to the 
so])iirallon of eonstituonu of tho original 
mni;nin or of a syntactic magniii foiTUcd by the 
n'ssimihition of sedimentary rocks -ft'ill now be 
considereil. Murginal assimihition on a smuU 
sfflle is suggested on page fi8, in the descrip- 
liou of u rhyolitic bonlnr nroumi a quHrtzito 
inchiyion in nion/oniLo. If ma.i^inal assimila- 
Lioii on a small r<p-iile is possible, it is nlso possi- 
blo that, diu-ing ihn indefinite tirao that pro- 
cede<l thi- concentration and rrujitiou of rhyo- 
litc, tho urdvJKivn tbickiuiwes of prfi-Cnmbrian 
rocks iind passibiy tho lowest beds of the Tintio 



lhit<j of tho norm is more ijidefiiiilc, aa much 
of this molecule in the hitit^^ and raonzonito 
actually belongs to augitii or iinrnhloude. Tlie 
true variation in the anortliiti; moltK^de is bet- 
ter showTi by the optical dcU-rminalion of 
plftgioclftse in tho four rock^ — respectively 
Ab^An^s, Alj^Anas, Ab,-^,An^„ and Ab-.^Niito— 
and shows a tendency for nnorlhite to diminif^h 
Its quartz iucreflsos. As biotito i'* only a minor 
mineral in all the four nK'.k:s, llio excei^^ of 
iliopside and hypersthonc in t-hc monzonile 
and latito serves to cxi>rcss, along with a ]):i,rt 
of the nomvitire auorlhite. tlse amount of 
pyroxene and honiblrnile present. 

llio nearly uniform ratiit of the ortboclasc 
iind fllbile molecules confirm geologic evidence 
point ing to the close genet-ic relation of the 
several rockj*. Differentiation irmst have taken 
pliict^ mostly before crysljiUizatinn or during 
its early stages, us is ?ihowu by the varying 
imposition of tho phigionluao.. The pi'oc^sa, 
involving a eoncAmtmtion of SiO, hi one direc-l 1ii'>'"t^'itc m^.V have undergone extensive as- 



tion and a complementary concentration of 
Fe.Oj. FeO, MgO, and OaO in the other, pro- 
duced two nmi^mns of diflV.reiit specific gravity. 
The su])position that the lighter, rliyolitie frac- 
tion rose to the top of the magma churabcr 
and wny the ilrst (o be erupted agrees with the 
field evidence. Calcic i)lagioclaso (preserved 
as the inner zones uf the crystals in the latitea 
and audcsitcs), biotitc, brown honiblende, and 
nugitc crystidi! were the (ij-st to form, as shown 
by tho U'Xturcs of all the rot'ks of the district. 
'Urn ci-ystnllixKlitin and settling of these min- 
ei'als and an nc^ompsiuyiiig rise of mfttcriak 
thai were still uliovc their erysLiillizatiou poiut-* 
left at tho lop of tho chand)cr a inagnm com- 
posed csstnitially of the const itu.Mits of idkalic 
feldspar, tho more mxlicplagioclaae, and quart/,. 
Mad this scparRtion ]>rogreswtl to comple- 
tion, practically all tlic :uior(hito fraction ol 



similation, enriching tho magma in siHea and 
t^osomoexlent in alkalies and other constituents. 

The eviden(«\ however, so far as tho rhyo- 
lites are eoncerned, is very obscui'c The top 
of the Paekanl Peak conduit must bo in rock 
at least as young us Ordovician and probably 
fta young as MissisRii>piftri (PI. I). The con- 
duit may bo of cylindricnl form, a-* suggested 
in Plate It, section A-A', or the lava may have 
Issued from fissures now occupied by dikes. A 
cylindrical conduit could have been formed in 
poj'l by the stoping of the c^untrj' rock, but it 
may have been duo largely to the thrusting 
apart of the inclosing rocks, or suggested by 
the fftuUs west of Pac^-ard Peak. It is tliere- 
fore improbable that any great quantity of 
hmeatone was carrieil to aU^Twol depths and 
<lissolvod in tiie magma. 

It is couceivablo llui,1.. prior to tho rhyolite 



plagioelast^ and nearly all the mafic conslitu- ' eruption, a monzonillc mainnu was intruded 



cuts would have been removal downward, 
leavius an upper portion with the composition 
of alkuhc granite or rliyohle (alaskose or hpa- 
rosc); but volcauic activity was reamned be- 
fore the sepuratiou was completed, luul tho 



into the thick mass of unoxposod pre-Cambrian 
rocks and even into the lower beds of the Tintlc 
quartzitc, wltieh in this vicinity are over 2 
miles below the vent. A magma at sucli 
depths may well have remained liquid long 
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enoUiili to have sloped niul di&salvfd a i-ont^id- 
cviibic amount of siliceous roi;k uiul to liavo 
suhspqiK'titly yielded the rhyojitc hy (Ufforcu- 
tialion. "WTicther or not blot'k^ ol' quart/.ilc 
could riiiik in a nionzonite magma is disoiissp-d 
oil pajje 87. 

Evidence is equally inexjrifdusive witli regaril 
to the Swansea rhyolite. It passed upward at 
least as (ar as the Colt^ Canyon dolomite (PJ. 
IV). and the opporluiuties for speciUatiou on 
ilcep-seatcd magniatic processes prior to ita 
eru]ttiou arc cssontially the same as those sug- 
irfstetl bv the Packard rhvolite^. 

EVIDENCE IN THE LATITZS AND HOKZONTTE, 

The liitites in the tiilT cone of Vok-ano Hidge 
must have risen for most of their coni-se through 
ti conduit in quart/.ifo and older rocks, and 
whatever limestone may have smik in the con- 
duit prior to explosive eniptions coiUil n(tt have 
been suUicient to atlect the composition of tho ; 
miii^ma materially. The processes guji^ested 
OS jtossihle in the Packard Peak conduit may 
therefore have talceu place here also. As tho 
tufl's und dikes arc clearly later tlian the Per- 
now rhyolite, which is expose<l in the vicinity, 
it may bo infoiTcd that after the more sihecous 
rhyolitie fraction had been erupted from t!ie 
top of the magma chamber an underlying le^ 
ailicx'ous fraction, in' part representotl by the 
augite latite (p. 56), furnished the m^aterial for 
the next eruptions. 

The upper part of the monzonite porphyry 
plug of Sum'ise Peak cuts the tuft cone just 
considered and below this must pass through 
an unknown thickness of quartzito and Hmc- 
stone. As the m^onzonitc poi-phjTy and its 
corresponding laLitc arc similar in microscopic 
mineral composition to inclusions in the tufT, 
no pronounced differentiation of the magma 
cjin have taken place between the eniption of 
Volcano Ridge and that of Smirisc Peak, oud 
therefore no assimilation of quartzifo or hme- 
stone blocks can have seriousl}' affected the 
composition of flie magma. 

The monzonite, the latest intrusive of any 
importance in tiie district, worked its way 
upward chiefly tlnough qudrtzite and lime- 
stone and iu part through the Swansea rhyo- 
hte. Its method of intnision, as shown in tho 
discussion of faulting (pp. S7-88), consisted to a 
considerable extent in the thi-usting upward 



and asi(i<' of large lilocks of sedimentary rocks 
and of the Swansea rhyohte. These blocks, 
after being faidted, were partl\- removed by 
the sto|)ing process, as is shown by the many 
inclusions of limestone and quartzite in the 
mon/.ordtc; but as tlie.se inchisioiis Jiavc not 
sunk an^' great distance from their original 
positions, tiiere was probably little or no assim- 
ilation of them. As the most noteworthy 
change in composition ol" the magma between 
the crui)tiou of the S\vunsea rhyolite and fliat 
of the nuuizonite was a dimiinition of silica, 
the stoping of sdic*ous rn(dv at great doptli 
prior to the faulting due to intrusion can have 
iiad no. marked iidluonce on differcTitiatioii. 

Tiie relations of tho monzonite to limestone, 
require special discussion in view of Daly's 
liypothesis that nionzonites ant) alkalie igneous 
rocks owe their origin to differentiation from 
subalkaline magmas following the assimilation 
of limestones.* 

A rougii idea of tiie volume of limestone dis- 
placed by the nniin monzonite mass can be 
gained by nothig the contacts in the Lower 
Mammoth and Dragon mine workings jnid by 
estimatiiig the volume of the formations repre- 
sented in the metamorphio limestone area; but 
the tunnerous large inclusions of limestone in 
the monzonite, as already shown, did not have 
time tn affect the composition of the magma 
appreciably. The small monzonite stock north 
of Sioux Pass, however, cut its way at least 
through the Bluebell dolomite and, to judge 
from its granular texture, probably extended 
for a considerable distance higher. Its under- 
ground dimensions are not known, but the evi- 
dence cited on page 04 indicates o very steep 
downward divergence of its boundaries. The 
total stratigruphic thickness of limestone dis- 
placed by this stock is al least 4,300 feet, and 
the entu-c volume of limestone displaced by 
monzonit« must; ha verjr great; but, as will be 
shown presently, it does not seem probable that 
the displaced limestone appreciably affected the 
composition of the magma through assimilation. 

The possibdity must be considered that 
maonni of rhyolitie composition may originally 
have been in contact with the limestones and 
remained there long enough to become desili- 
cated through reaction with limestone inclu- 

i I;alS% U. A., Origin of alkaUno r«ts: Gful, £cv. America BuU rvol. 

21,pp. 87-HM, 1910. 
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sion.. One. volume of pure dolomite would i 
raise the lime and ningnesia in 10 vohmu's ol 
.Sw,in.ca rhvolitc approxiniutrly tn tl.e.r pcr- 
ccntu-es in the iiinriz.onite of SUvti- CHy. Oiie 
voluni.. oaoii of .lolomilc aiul liinc^tone (flc- 
rordins to tho Llucknc^sc-^ .in<l cmnposiMon of 
U.p.Tintic locks Cue vuliimo of HispUoeil lim(i- 
st,oiu> must equaJ or execod th.it of d:aphi<;e(l 
(lohiniiti-; would raise t-hi- Utimi In 2.) volumes 
of rhyolite lo more tluiti tJio qiianUty in the 
inon/.onitL>, but would iiuiko up oidy hdU the 
difl'i'l-CMCO betwT-oji tiic nuifriii-siit pi-irenLii^M 
of t-he two rocks. Soinc lurtlicr fonconti'ntions 
witliiii tlic mtifjraa mitst then he pastuliited to 
aecouiit for the i>cn'eiitjxges of lime nnd mii?;- 
liesiii in tlie iitonzonif*. ua well as for tlio iu- 
ercMisc iiirtteud of dctri'L-* in iion ctxiilc^ and 
for «K> greitl a dot.-i'onsr in nilica (I'roiii 71. ."S lo 
00 in.«tpiul of 66.7 jht asiit); hut suHi oiic^n- 
tnil>on-» would imj)ly time lor yruvitiilivo dif- 
feroiitiation, or tho sinkinii; of the fcrroniag- 
ni'siiiu niinenJit and ctdi'ic pla;i;io);|asc, which 
would iim\iakc rather tlmn inake magmii hav- 
ing the eomposition of tlie loeal monzoiiite. 

Ah equiiUy seriou-s if iiol nioi'e i^erious objoc- 
lion (osuch lui oiigin for tho nionzonile U hiHcd 
on grolijfjic jijroimds. Kor so threat a body of 
I'hyolitio (or ji:ranitic) mugina to romain lUiid 
long iHiou^li to allow for such assiniilatioii tind 
(liffereutifltion implies butholitluc, or ftt lofe^t 
hypiihyssnl, conditions: l^it it hiis been shown 
thnt \ho lopogniphy of the scdin'.cntary roeks 
tti Uu' bcginuing of voluanie uctivity was nmch 
tho siune lus iho present lopogniphy. The 
i'oi\ti\cts of I he effusive Packard rhyohto eftst 
(}( Gotlivft Mountain and of the altered l-ulT and 
lutiiic Irtviis in llic vicinity of Sioux I'a^^s ]}rovc 
ihut tho present Kmcstono, surface in tliis piirt 
of Ihii (listrict is praetiraily coincident with 
the pivvoUianie suiTaco. Kurthi^rmore, the 
nloep ^lopes found to exist iit ilirse limestone 
BU<! hivii I'ontuct'i and the con^^itlcrahle lluck- 
ut'sses of the. lavas in adjueent prevolcanic viJ.- 
leysMliow that the provolcaiiie valley lloorsefl^t 
ufitl south uf Sioux P;it* wore even deeper liian 
I ho present valleys. Of the 4.300 feet of lime- 
ytono and doloiuiU^ (-ut l>y I he subsidiary' nion- 
zonite stock at Sioux Pass. 2,00(1 feet uas above, 
tlu' prevolcanif valley Ilooi>;. The remniiuiig 
2,;i00 feet at tlii:^ place ami a much l.*s>: amount 
over I ho main monzonitc stock can, luuiliy bo 
•vgarded us sulliciciit bolli to furnish material 
for exlonsivc assinuhitictn by ilie magma and 
to aet aa a buthohthie eovev over it dui'ing " 



long period of time n<?eessiiry for difTcrontia- 

l!on. 

On the other liand, when rhyobtic erup- 
tions were followed by lat.itic eruptions, the 
great f|Uiiutity of the lutitic inattTiul not 
only fiUi'd tho deo)) rnlleys but probably cov- 
ered the highest linu'stone mountains ns well 
(i>. 05); turtherniore. (ho heat, supplied from 
the \'olcanic source had luid lime to cause a 
local rise of isogeothermH. Accordingly, there 
was a distinct approflch to liathoUthie or at 
least hypahyssid condition.s, and the granular 
though rather fine-grained and porphyritie i&x- 
tiire. of the moiizonite may thus be explained; 
!is may also the fact that it nuiintaiued iis 
granuhu- texture lo tho top of the limestone 
and perhaps for .some distunee- into tho over- 
Ivin" lavas. Most if not all of tlio Umestone 
formerly in the monzonitfc^ wreas niiust have been 
displaced by the monzonite maginu, and the 
composition of (ho monzonite can not be attrib- 
uted to assimilation of this limestone by rhj'oUle. 
U appeal's from tlie foregoing dLscussion that 
evidence in the Tint ic district gives no support 
to the suggestion made by Daly that monzo- 
nites, as well as the ntoro distinctly alkaline 
j rocks, such as sye-nita and nopliolinc or leucite 
rocks, owe theii* origin lo the effects of assin^i- 
latcd limestone upon subalkabne magmas. In 
the Tintic district the origin of the raonTionitu 
ftud lalitc n:iust be accounted for in a different 
wu.y, and simple grtivitaUvo differentiatioahna 
been suggested ua the most probable explana- 
tion, although abyssal assimilation of siliceous 
roclvA prior to volcanic eruptions maj*" have 
had some influence. Tho syenitio variation 
of tho monzonito, however, is mentioned on 
page (iS aa a possible result of reaction on a 
small scale between the monzonite and dolo- 
mite. Such reaction, which haa taken place 
on a small scale at tlio uppermost exposed 
contact of tho monzonite, can doubtless take 
place on a large scale at abyssal depths and 
be represented in, later crupljotis; but no later 
eruptive rocks are exposed in tho district other 
than u few dikes of monzonite porphjTV. 
It nniy therefore bo concluded Ihat aUhough 
this last bit of evidence suggesis I he possible 
derivation of alkaline from subaJkahiie rock.s 
(iucludiug monzonite) lUrougb the assimilalion 
of lijnestone aud dolomite, as proposed by 
Daly, tho volcanic- period in the Tintic dis- 
I trict was not long enough to make tliis pujcess 
I ellieient on a largo scale. 
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EVniENCE IN THE BASALT. 

Thf rolniiou of (he uiiiior ocoiutohol's ul' 
olivin*^ hiisnlt ut IIouso Bntto (o tbo otlicr 
i«»tKxni>i rocks of Ihe rlistncl' c;)n not. bo ]>ro[K'rJy 
coiL'^iil'Tod without n ohcmioiil analysis. Tho 
rock niiiv belong to ii distinolly latiT volcjiuic 
cpof'li iWKl rc|n'(?spnl tho priiutin- hiisalt 
uivolvt'd in Daly'.'^ hypollic^it^; ' or it mny 
rcprcsoiit tho basic pole of cliftVrontuition of 
tho volniiiic serirs of the Tintic di>;lricl. lii 
ihti hitler cn.so dowmvnrd mignition of the 
mttst l)iisio rii!iteri:d would evtiuturiUy develop 
a biisrtUio inagina honoath Iho extensive 
monzonitie mngina, nad ai\y eniptioiis in iho 
ciofling stages of volcanic aetivity, after the 
monzonilie miignia had con^iolidated, wouhl 
nerrssiirily eonsist of basrdfic I'oi'k. 

COSCLDSIOSrS AND SUMMARY OF VOLCANIC HISTORY. 

Tlio prtiiripal eoncliisions in the tVtregoiii}; 
diseuftsion arc as follows: 

1. Thp ohk'st igneous rock in the district is 
a latite or andcsitc, but nothing definite is 
known regarding its ultimate ori^i^in — whether 
it represents a primary or a synteelic. nia^ina. 

2. The early rhyolite east of the Iron Blos- 
som Diitic represented by the next eruption 
maybe n difl'erentiato from tlie latite or anth^s- 
ite, due to gravit-atiro separation of the eon- 
stituents originally in the andesite; but possible 
effects of abyssal assiniUalion can not be 
douied. 

3. The production of the Packard and Swan- 
sea rhyolite-s ttu-oiigh the iWsimihition of siili- 
ccous n)oka by monzonitic magma some miles 
below the surface was also possible but c[uito 
beyond the realm of proof. 

4. The p(»strhyolite nionzonitic rocks repre- 
sent the mugma after the rhyoJite fraction in 
the upper part of the magma cluunber had 
been separated and drained off. They are not 
due to assirailntiou of limestone by a rhj^o- 
litie magma, 

5. There is some indieafciou of the derivation 
of alkaline rocks on a small scale by mai-ginal 
reaction between limestone and subalkidnie 
ma^iiRs. us suggested by Daly, but the vol- 
canic period Wiis too short to allow the concen- 
Iratiou and eruption vf any large bodies of such 
alkaline rocks. 

6. The small dikes of olivine basalt may 
represent either a distinctly later volcanic pc- 
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riud or (he l»asic jiolc of ditVereotiation in tlic 
vole.iinic serii'S of tliis distrir-(. 

The onier of i^venls, iK-ginniiig with tho earli- 
est known ernption. may be summarized as 
follows: 

1. Karlicr latite or andcsilc eruptions. 

2. Long quiescent period; possible silicilica- 
tion of main magiua througli abyssal as.simila- 
tion of siliceous rocks; difl'erentiatioii of the 
original (syiitectic) magma into an u]>per 
rhyolitic aud lower mon/onitic fraction. 

3. Eruption of early rhyolite. 
•4. Kruption of rhyoUtic tuir. 

5. .Eruption of tho Packard and Fornow 
rhyolite« and intrusion of tlic Swansea rhyolito- 

6. ExpliKsive eruption of lati'Jc or andesilic 
t.iifl'. forming the Volcano Kidgo cone. 

7. Eruption of augito latite from the Voh-ano 
Ridge vent, ineluding many of the radiating 
dikes in the vent. 

S. Eruption of the liitite-monzonite porphyry 
of Sunrise Peak, pn»bably ineluding several 
flows and aeeomptuueil liy outlying dikes. 

9. Ernption of the pyroxene latite flows and 
dikes, wliieh may bo essentially eontempora- 
net^us with Ihe monzonite of the Silver City 
stock. 

The eoai-se ngglomerato nad tulT and the 
flows containing basaltic horidjlcnde followed 
the rhyolile eruptionj from unknown conduits 
or fissures, and may be eontemporaneous 
with a part or all of Nos. 6, 7, S, and 9. 

to. Erupti(ai of olivine basalt, possibly a 
complementary dift'erentiatc to the rtiyohtc. 

STaUCTUSE. 

The struetural features of the Tbitio district 
uicludo foidmg, faulting, jointuig, and features 
due to igneous intrusion and extrusion. Of 
these, folding and faidtiiig are mentioned 
briefly on precoduig pages and are thoroughly 
discu-^sed belu\\'. The problem of igneous in- 
trusion is treated in comiection with the forc- 
gomg dcseriptions of the igneous rocks, and 
only the inlluenee of preextstuig fissures re- 
mains to be considered. As the struetural 
fciLtures of Iho. Tiiitie district are but the local 
expression of forces active at difterent periods 
tlrroughout the Great B;isin and even a more 
extensive ai-ea, a thorough consideration of 
t-licir cause-s is impossible without a review of 
studies over this great area. Such a review 
hiW not been attempted, and the conclusions 
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,,0.. oxpn^s^cd a.* b«*d .Imost whoJly on 
local eviilenco. 

l"OLDS. 

ScvcnJ mujor and minor f^^l^I^^J^^^^^';*,';'" 

o.c ur.. largely ooncoaloc! by tl.e. ^^;^'^- 
,na I.ttb cui-bu «ii<i of Ihon. r.xc*Tt t h.L thou 
axes ti-oiul u^ostly i.oKh. Tiu- only wcll- 
(le(inca fold b^ the lui-0 asyainirlno ^'admo 
th:;f o(T.u]Hos iKMU'ly all ti;p nroa of tlio TmMc 
niiiting cILstikl aiul lli*^ (''rntoiy .luo o;'>t ot )t. 
Tlic fold is fruiter! into dilTmvntly U\m\ blocks* 
with corresponclLTig vnriutioii^i of dip. 'Hiud 
tlic stwp west- Hmb north of Kuroka Gulch ha.-* 
!Vll uvcv 



defTJiitoIy srtid ; but of l\w Ihi-oc possibilities thft ' 
fiist two stvm ill** "loro likely. A siuiilar 
loi-al IlattrniiiK <>'' *1'P '^'^^ ''^■''" ^"u'>'' ^'i' t'ha 
surfuf-o from MiuuP.iolli Illuft'.s nortliward iilong 
Iho soulln^'os!. sniunut of Gudivn Mcmiilftin. 
(Soo PI. V, s(H'.tton B-H'.) Tbo pronounced 
W(^'^.t\\-:ir(I ix^nd m tiio slriko o{ the quurlzile 
jiisf south of Eureka Galc-b also indicates a. 
local undulation, which, as sliuwri on pugo 77, 
is (dosoly rokitPd to faidtuifi;. 

The wo.st liuil) of rlio maui fold iucludi^s the 
wbolc sodi-mcntjuy soriivs rrproscutcd in the- 
district proper niut oxtcnd.s from llio west 
base of Quarlzite Ridge Lo iho. e.;ist. slopes of 




nil riveriu'n din l>clwecn In) aim i^i J'j. , r-oiuii , '-^ . .i ■ . ■ 

; \ 3l ho .bp i. about. ,S0« l^. .us far south- | O.nyou wkeh ^ pa r.te.H those .wo mountains, 
,r.; ho c,ist.Lt fault, near tholle^^^^^^ Wdn»g .s clearly .hown to chauge iroru 

^^"" vertical, or b)caUy ^n-en sligb'Iy 

"'• ' '^'^W T" ^ ~ ovcrlunu'd, to lower and lo,wer 

*/L'«v^,IV dips. (See fig. 10.) At llio Utah 

r.iino Uie. dip is 20°-25° K.; at the 
Eureka. lliU Kadroud tho beds lie 
nearlv flat, and fiirtlier er..*t they 
cun'o gerUly upward (20"-30<=) to 
form the ea.sl lind> of the synrline. 
The easL liiid> is distinctly dbfinod 
for u luilo farther east , hut boyoud 
this strfileh the beds agam llatte-u 
and assiimo a very low northwest- 
erly dip, \riih loral gentle undula- 
tioiis, along axes trending northeast 
or nearly cast. Tlie extensive cov- 
ering of rhyolilo and the eompliea- 
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ri(.t1lBl4-NuriJi«'*a n( Pln»Cnnyor,,*hoKliM: i^n(7ulo<J(porili>»itfii«';wl)Ircm [\q^ y-){ faults fuitlu'r ollSCUXe tho 

true chnracLcr of the loluing. 
The axis of the fold follows^ closely the eiu^t- 



and Opex shitfts; south of three faults the 
iwverase dip i.s SO^ W. and Uu' sym-Hno is slightly 
overlunicd, Tliis reversed dii) ia shown to 
eoij! inuo downward beyond the 2,nOD-foot h^vol 
of tlio Opex, or JuorQ (hnn 2,600 feet bolow tlio 
eii>t of file east-west liniestoiu! vidge. Therti 
is no indieutioji of im approach to the axis of 
tho fold except in the ICnierald and southern 



nni edge of the Humbug formation. (See Pis. 
IV lind X.) The axial plane, as shown in the 
2,000-foot shaft of the Yankoo mine (PI. V, 
seetiori A-A'), is mmrly vert.ieal. The axis can 
be tmced from the Yankee mine soutiiward 
to tho Iron Blossom No. 11, but boyond these 
Umits it is eonecaled beneath voleaiiin rocks. 



()]n>s workings, where the dip llaUc-ns cunsid-'Tho pitch of the fold is northward, a.s sluwn 



erably. Tn the Ccnleimial Euivka and Ihc 
iiortlieni 0[m'x workings the dip flattens locally, 
hut thciv sopuis to ho no delinitc character to 
Iheso places, and tliey nro more reasonably 
inlorjireted us local untlubitions within the 
west limb of ihc main fold. \Vlielher they 



by tho cur\'mg of the Ordovieiaii strata south- 
eiustwavd toward the axis nnd by their low^ 
northeasterly dips souLheiwt and east of Mam- 
nioUi. It is abo imliemod by t-lie dUToreiit 
levels ttt which tho top carbonaceous bod of 
tlic Gardner dolomite has boon found — at the 



wen> (:au.<ed by local variations in the folding j 3f)0-foot level in tho Northern Spy, the 900- 

stn>w.l)ydragalnngfaiats. orhy theblrusion foot Wei in the Ueek tunnel No.'2, and tliC 
01 Iho ipartz porphviy dik.w can not bo I I,;10()-foot level in the Yankee mine; hut e^ist- 
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'ft-ost fiinlting hns so grontly dis}>l;u:cd Uu- iu-ds 
north und soutli of Mamuiolli lliat l.ho dc^roe, 
of pitth can not bo closely r-^tiriintiMl. The 
gvrn el ii 1.1,1 axis extonds norlliwaril hoiumtl'. the 
Paukai-d I'hyolite and is !igiu)\ .■shown ftt tho 
north boundary of the Tmtic ()uadi-iingl(i casl 
of Fremont Cimyon. (See Vl I.) 

In tho oxl.vcmc noit3u\'Wtt>ni part of tho 
miadraiiglo the Ordo\at-iiiu und Mississlppiaii 
porlions of (ho west limb Eii:»>unio ii lower dip 
and (imdly, in^ur the head of Broad Ciinynii, 
beyond the northwest corner of iho quadrangle, 
cross tho nxis of an anticlino whose west linih 
luia a gont'vully low dip. From Llic^o tonlnn-^ 
it is o\'n(ler.t that the folding wns Jevrlopod hy 
an eastward thrnst tl)at was ospeciiiUy pro- 
nounced ill the Tintie distriet as compared 
■\nth sm-rounding territory, \\dicro both limbs 
of the folds have gentle dip. 

GENERAL CHAKACTER. 

Faults of considerable size are abundant 
tlu'oughout the district, iilUumgh ntost of ihem 
iun\' at fu-st. be easily ovcrluoked o\Wng to Ilie 
siinilflrity between limei^tone beds of diiTerenL 
horizons. The best way to obltiin an adequate 
idea of the faulting is to trace some well-dcfLned 
bed, sueli as the Dagmar hmestono, from Mom- 
moth (hileh nortliwovd. Fissm'ing, iis a rule, 
aeeonip:iiiIeil by pronouncud tiiultirig, has token 
place at difl'erent periods; some movements ar- 
companied or closely I'ollowed folding; olhei-s 
mny have I)eeu distiirclly later than folding, 
but older than volcanic aetivity; others evi- 
dently took jilaee -during tho volcanic i>oriod; 
others follo\\'ed \olcanic aetivity luid ]>roceded 
ore doposition; and still othei"S, though much 
less pronounced in tho Tintie district, took 
place after ore deposition. Some fauHa of dif- 
ferent age follow cfrsontially parallel directions, 
Hud i( is quite possible that more IKhd one 
movement lias oocniTed along tlie same fault. 
I'^ulhermore, no faults have been traced from 
the qunrtzitc through the shale into limostono. 
For these reasons it seems best to group the 
fault dcscnptions first according to the fornni- 
tions in wluch they occur and to sub<Ji\'ide 
tliem so far as possible according to age, lo- 
eahty, and direction. Oidy faults hi the min- 
ing di-jtrict proper (PL IV) are discussed in 
detail. Those elsewhere in the quadrangki (see 
PI. 1) arc subject to the same intei-pretalions. 



FAULTS IS THE QUAETZITE AND SHALE. 
KACLrs ri-n.sKr.v rnwtiTKn wrni koliuxi;. 

Along the qiiurtzite and :^hale eontiUt are 
loeal overlJmists aiul several nearly vi-rtical 
easterly faults, all closiely related in origin. 
Besides these jit Umst four systems of iouits 
were seofi in the quarl/.iUi, following nenrly 
north, enst, norfluMist. and northwest direc- 
tions. Some are sli(d<(^n>-ided und some ure ne- 
companied by considerable crusliing, but tho 
uniform chiu'acl(M' of the roek conceiils the 
amoimt of displaeement along them. One 
uorthoasi (issun^ on the south spui- of Qunrtzil e 
Ridge has been iUJed hy ivrhyolite dike, tloiiits 
in the sliale :ire not persistent. 

The best-delincdovertlimst is exposed on the 
south side of Eureka Gidrli, where a block of 
quartzite hiis been pushed eastwnrd over the 
shale. Here tlie strike of the formations 
s^\'ings from nearlj'' north to nctirly oust (PJ. 
IV). The sliah^ is not present in the area of 
CiLsterly strike except, in a shallow jirospeet bole 
near the east end, where it. is overridden by 
qnarlzite. It n(^xt reaches the natural sui"fni.*e 
200 feet fnrtber east, where it is exposed in n 
narrov.'band, less than lllO feet wide, wbieii cfin 
he followed in a southeasterly to southerly 
direction for about oOO feet. Plere the quart/-- 
ito nnd shah', contact is oHsct '250 feet to the 
west by a \'ertieii] enslerly fault. South of ibis 
fault the shale bund is oOO feet thick and sliowa 
normal sf rutigrai>bic relations to the (puirtzite. 
The quortzite north of the fauh, dips about (H)° 
SW., awuv from llic shule. hul soulli of the 
fault it dips 80° \^., lowucd tiie shale. The 
whole struelure is itUcipretcd ns follows: Tlie 
forc(^ active during the period of folding de- 
veloped a nearly right-angle bend in the quart /- 
ite, forcing it against the relatively plastic shtde, 
which presented so weak aiul uruiven a resi.^t- 
aneo that a. block of the quartzitc was locally 
overthrust upon it, producing both the over- 
tiirust and the accessory easterly fault at liiG 
same timw. 

Tho qufirt,7,ile and shah* contact about 6:^0 
feet north of Eiu-cka Gulch may be broken by 
ft similar though smaller overthrust und iieces- 
sorv easterly faidt.. but. the evidence here Is 
obscured by line ttilus. Over 2,000 feet north 
of tho gulch is a more nuirked occurrence of tlio 
same kind. Here, too, the details are obscured 
by talus, but, the local ehinination of the shule 
and the position of the quartzite boundary in- 
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dicatc beyond a doubt that ftn nvcrtlinist fault 
is present, llierc is ft similar but [^router fault 
tUreo-fifths of a mile north of the mouth of 
Jennv Llnd Canyon, when* the quurtzito has 
nioTed across the positions of t!ie shale and 
fldj(u-«nt limesto:ica for at least 1,800 and pos- 
sibly as much as 2,400 feet. A t!iin rUyolltc 
fovirt-ing here conceal.-i the exact amount of 
dijiplaccnimt, as well as the arrangement of 
tlu! simlo and L'niPsLono immcdia(oly south of 
the fault. That the quartzito has been ovor- 
tluTist is MhoM-n by a prospect shaft just south 
of Mio fault lino and nearly dun south of the 
T.Ono-foot sunumt. Tiio (-oUar of this shaft is 
in (lUiirtxitc, but the material on the dump is 
praclirjJly all argiJliw-coiia limestone similar 
to that on the north sido of the fault. This 
fault ia the only one found wlioso contfw.t 
oxlendn ncros.s the shalo into tho liaieston*^. 
and it a possible that the totaJ db^plaeemeiil 
sho'ft'n represoEitp not only tho eoalwai'd tiirust 
of the southern block during foJditif^, but a 
lator westward thnist of the northern block 
caused by the presauro of the rhyolite cohjnm 
in tho Paeknrd Pwik vont. 

All tho easterly fatdts lhatofira<^t the quartz- 
ite ajid ahnle contacts aro best interpreted as of 
similrtv nature :o tho wicesaory faults above 
mentioned. Sonui nrc so pnircd as to indieate 
iL broad quiutzilic block tlu-Uht further oast 
ihnn thoao to the north and south of it; others 
indicate a stoplikc niTiingenieiit of the blocks- 
TIio hit^nprotrttlou imphcs nioro or less ovor- 
tJnusting.ull along the quartzito and shalo con- 
tael., hut tho whoh^ eonlu-t c.-,u not bo strictly 
mnpped 113 n f/vult, hccuuse the movement a<i- 
jftcont to it has evidwitiy Iwen offi'cted by 
slipping on many surfaces witliiii tho shale, 
which appwira to Iiavo had its thiuVness hure 
incroayed and liiore ilimiiushed by squeezing. 
The diroctious of raoveniout along* the oasterly 
faults ai-o, nc^orclins to thi.'* i)iterpn>tation 
PithPr horizontal or, moa, likely, Lncliaod up- 
\yard to the c.i..t. Tho mo«t ronspjcuous 
tlioi^gh not this largest of these castcriv fanlt^ 
wluf^h has « strike slip (horizontal offset alone 
th0 fault plane) of nhout 2.50 feet, is just .south 
o( t}ip aiuidlo i^ist of Qiiftrtzite Ruiim and is 
shoTv-n in Pliitc XVI, B. 

fAUhlS UTKn TO AS I-OLdLNO 

In the smdl quart/it* ama southwest of 
Robuu.orK the northe;t.tnrly «tnk« ,»ud low 



southeasterly <lip form so marked a, contrast to 
the X. lO^^'r-;. s'rihe and SO'' W. dip nf t,hft 
tnnin nnfii that, there ean i>o no doubt tuut a 
ittnuig easterly fault, i^ cnnKonlyd heiunuh. thft 
ulluviuni of Muniniolh Guii'h. Tho uttitudes 
of Iho 8trftf-u on eneh sido of it show that it s 
dUtiiirtly l;itor than the folding, iW the gently 
dipping beds on tho south h\<\q represont the 
bntloni or irau^h of the fold, faulted up agahnit 
the vertical we?jt lirab. The vortical displace- 
ment can not ho nioosured exactly, but in th© 
qnartzito are-a it must at least exceed 2,000 
feet, as north of tho gulch thero is no indica-tioa 
of the strata c-uiTing toward tho synclinal axis 
cither on the snrfftco or o!i tho 2,000-foot level 
(wes'. drift; of the Opex. (Seo PI. V, scotion 
B-B'.) This fiiult jnay mark the north bound- 
ary of a bluok uphfted during the monzonite 
intrusion, a^ shown on page 86 and in figure 9; 
but earlier movements may nlso have taken 
phwe along this same finUt plane. 

FAJFLTS IK THE LIMESTONE. 

Faulting is ubundant Lhi'oughout the limtv 
ytone area, espwijilly in its we.stern half (PI. 
IV) ; but the apparent sc«.roity of fault-s around 
Godivii Mountain and Sioax Peak is due to 
tiiP extensive talus eovorlng and to tlio more 
unifnnn color of tho outcropping strata, wliich 
toiid to conceal them. Fracturbig is plentiful 
in outcrops a.1 l^otli of tbese places, and several 
pustiirly or eaat-northcusterly fi,saure.i have 
ht'on cut ujidci:grouud, but noue iu«ve alTordcd 
rofidy data for measuring tlie amount of 
displacement. 

As regards direction tho faults exposed at 
Iho surface in tho iinic-istono areii muy be di- 
vided into tliree groups, trciidijig jiortheast, 
oast, and north-northwest. A fourth drrnctioa, 
noar north, is also promment underground but 
!)et:ause of its coixicideuco with the strike of 
the strata can not he t-r:M>tMi on the surface for 
any eonsideiulde disLaucc. These dilToi-cnt 
groups lire ivs n whole rather sharply defined, 
fte slio\\^l in Pli\tc IV, but on close study diETer- 
ent groujM uppetir very closely rehitod both as 
to ii^e and origin, and sonio faults with parftUoI 
strikes appear to dift'er in tlicso re.spects; fur- 
thernmrn, certain of the faults havo boon 
afi'ertod by more tlum one j)Briod of movcmonl. 
It therefoni seems l>ost 10 group tho faults ac- 
f.or<-incr to relative ago and to subdividiJ li»t*ni 
according to location. 
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A. PHOTOMICROGRAPH OF AEGIRITE-AUGITE PORPHYRY PHASE OF MONZONITE. 

O, Orthoclaaa; P, plagioclase. Mat;nlfied 30 diarnetsrs. 




Jl EAST-WEST FAU-T SOUTH OF THE SADDLE EAST OF QUART2I i E RDGE. 

a. Top bed of Tintic quartjiitc; b. Ophlr formation; c, Teutonic imestone (not faulted). 
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VIEW SHOWING OPEN CUT OF EUREKA HILL MINE AND PRINCIPAL NORTHEAST AND NORTHWEST FAULTS rN VIC'NITY. 
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K\L'.l,T-4 CLOSELY CnNNEOTi:!! WITH t-.lI.PINd, 

FavJis JiorfJi of Eurd-.a- iinl-vh. — 'ITie faults 
north of ICm'cka Gn]r.h uicludc om- of nortli- 
eitst troii<f, ono of liorthwcst troiid, Hurl S('\'oniI 
of cast trend. The geologic structuro iilso 
.4io\vs llio oxislcnco of a nortborly fiuilt br- 
noiith the iiUuvium in Cole Ciuiyon. 

These different faults are (ill closely roiatod 
mid arc duo to a cornpUcotian of causes — 
unequal Ciistwnrd thinst by the foj-ces that 
prixhieed thp. foUk luid dovelope-d ninjor shear- 
ing plout'S, (iccessory shearing induced by 
major shcnring, nnd loe.;il pinclun^ and bulging 
of the. shale band. The strike shifts- (hori- 
zontal components of movcnicnt parallel to the 
fault lino) are pronoiuiced along all these faults 
extept the northerly one. Upward nioYcntent 
to the east is also pronounced along the few 
faults where slickousided siu-faces are exposed. 
Tliat some rotation of blocks also took plac<i 
diu'liig the faidting in shown by discordances in 
dip on opposite sides of fault phmea, but these 
differences arc as andenotsiiflieient to account 
for move than a minor fraction of the total dis- 
placement, or even tho strike shift. 

\ii ini])ortant feature of this iQtoii)retatlon ' 
is that although some of tho fiiults — for in- 
stance, the northwest faidt near the Dagmar — 
are "normal" in attitude, they were not neces- 
sarily induced by tension. Tcusiomd stresses, 
conipkunontary to the principal compressive 
stresses, were doubtleiis operative in a north- 
south direction and may account in part for 
the open character of many of the eaatorl}' fi.s- 
smrs, as may also later movoinents, considered 
below (pp. S2-86). 

The Jiortbernniost fanlt shown in Plato IV 
is most clearly exposed on the ridgo just south- 
west of the Paxnian shaft and can be followed 
easily across tho saddle in the next ridge to 
the southwest, beyond which it disappears 
beneath talus and alluvium. Farther south- 
^'(^t, on Bhicliird Spur, west of Cole Can- 
yon, its trend is again' shown by the north- 
eastward offset of the Dagnaur limestone. 
Beyond this ]>ohit it is concealed beneath 
tftlus, but it does not extend across tho shtue, 
OS the qunrtzit'o In line with the fault is dis- 
placed eastward by a local oA'crtlu'iist. The 
fhp of the fault plane, as shown by it3 course 

' Namo prfiixowl In RoW, H. F.,and otfiera, Rop«tottti6ConiQiittr« 
no the iu-in«oriavun,anaalls: Gool. ^oc. Anieriea Bull., vol. M. p. 172, 



oror Jill iindtdating suti'ace, is steep to the 
southoast. Tliere is no strike shift, at tho lime- 
stone nnd slate fontju't, but. the shift is be- 
tween 225 and 250 feet at the outcrop of the 
Dagmtir limestones and nearly 600 foot near the 
Paxnuui shaft. The nwvement may have 
been in ]iart t>f a rotary nature, the axii lying 
in the shale bolt and the amount of displaco- 
mont increasing eastward: but the increasing 
I'listword displaecn\ent i-i for the most part the 
resrdt of contemporaneous inovemoiit along 
the noi-thwost fault, whoso strike shift is 450 
to 500 foet. 

The provniling eaj^tward thnist exerted, dur- 
ing the period of folduig. was, as is shown by 
the map, especially jironouueed in the vicinity 
of Jenjiy IJnd Canyon, wliere it ])roducod a 
bulge and small easterly faults in tho quartzito 
and thrust the inunense limestone block, 
boui\ded on Uio stnitb by the wcst-noi-thwest 
and northeast favdts, upward U\ the northeast. 
The northeast direction of movement of the 
triangular block between these two faults and 
the Ophir fomiation was induced lai^ly bj' 
the movooient of the block josl described — 
removal of support along the northwest fault 
Cftusod yielding to the general oastwnrd thrust. 
Tho yielding of shale in the Ophir formation 
was cornplcmenlary to tho movement of these 
two blocks. WTioro the eastward thrust w^as 
greatest the shale was squeezed, but it bulged 
to the south, taking up tho space made avail- 
id>le by Iho movement of the triangular block. 
The easterly faults near the Bogmar shaft 
in the triaaigidiir block are attributed to acces- 
sory movcnicnta induced by slintiririg stresses 
that were active altuig the main oblique faults. 
Tho area south of tho triangular block was 
also one of pronounced compression, as shown 
by tiie thinning of (he shalo and by local over- 
thrusts along the quarf/Jte and shale contact. 
The easterly faults in the limestone of this 
area are attributed to this local corapretsion. 
It is noteworthy that none of these faults, 
alliiougU (licir strike shifts .ire coit^iidornble, 
extend eastward across Keystone Kidge. 
Jfovcment along thoin ^\as evidently taken up 
along tho northerly fault beneath Cole Canyon. 
Faults hetwetn- Eureka Oukh and Eurtlca 
Pi<il\ — The gi-eatcst and most complioatcrl 
fault zone lies aUmg Eureka Gulch and on the 
slopes west and northwest of Eureka Ptnik. 
(See PI. XVll) Tlic faults along Eureka 
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GoJch aro liirgely noiiw^nloa bniiouth ulluvium, 
and only im iruioraplcte inriioiUion of (ht-ni is 
givca by Lhc is^lalcd oukrops of the Ajus nud 
Opohorign limost OIK'S ; but tho gcnenil slriko 
shift \a al)Out 2,()00 fei-t. Ono fnulL contact is 
exposerl at the wfc^ternnifwt Rwitcli on the. 
Denver & "Rio Grtrndo. Kuili'oud, -whore the 
charlf Ajax liiiipstonn with northerly strike. 
!iiid viirticul dip is in contact with the Cole 
Oiinyon and Opcx dolomites, wUich Htrike 
nimlMiortln-iistnnridip 60^~S(r S., und wkiob 
are bc.volcd o(I idong tho fault. Tlie fault 
plfinrt strikes nrtrthcast, (ibout parallel to the 
northiun truck, an.d <li[xs southeast. 

On tlu' siuitliea^it Kitlit of (ho fnulL cxposm-e 
tho ri>ckH uvo highly hreoeiated and cut by 
siHiil fuulls in viirioiis du'C'tions, but. the 
gcnend ^itrike of Urn bcdri swinga from north- 
I'jitit throut^h ('list and Ijinilly around to south, 
which is the nni-mal strike bntwren Euiivkaand 
Mftinmoth gulches. Tnu corrp8puniiiiig eliongiw 
in dip ur« from southoii^t to south and fiatdly 
to HO" K. Tliesc changes show that Uic beds 
on thfi soulh '^ide of the fmiU sufferpxl both a 
njversnl of dip and a bending of strike such us 
would i*eri;ilt from u powerful thrust, eithor 
hoiiaonliil or upward to tho northeiitit. On 
tlin west the hrco-ciation ooii(iniie-s us far iis tho 
Golden 3tay Luiuiel, diree.tly oppo^iitt' tlui local 
quarl/.iUi ovortliriLsl dcsorlbeii on pn^e 77. 
On the cftKi. l-li« iHivreiated area ptit^ses into 
Ihn^n i-eeogniznlilc fiinlL^ — two of nocthcaat- 
wiinl Iw^nd. wliioh iiro pitniHol to or slightly 
tlivcrgiiy,' from tluiV exijosed oa the rallroiid, 
oml one nf .S. 60* K. (rend, whieh fxlendy 
lowunl [he ('onicnnijil Kuitjkii iihaft and whose 
onterop indk'jitt^ a piwionneed sonMuvwt dip, 
Aloiij; tho hdter fnult. ihn dinwtlion of moAx- 
nieiit rrmy he lenhzed by the rclulive south- 
CAHlwHidoirsi'l of Ussoulhwwt wall nnd by (he 
partiiil eliiiiiitiitinn of the Opt'X dolomiki in the 
wed^e at its xoiitliPnsL end, dutn which indii^at^e 
au upward r.islorly niyveuicnl of I ho t^oitttiwest 
with nspecl. to tho northt>ast wall. Tho frtnlf 
tlnw np^K-ars to bo a reverse fault. 

Ik'ioio «n expijinalion of thcsn funlts is 
ofTored, ftt.tention sliould W. enllod to tho strong 
ni«fheit-ilevly f.iult whieh extondd nnrthpft.st- 
wnr.l fmni lUc shnlu beit nnar the Herkimer 
sliiifi, iMiis,^ oKse by tlic (Vntonnial Knrcka 
«hnft, and di>iitppt'iifs heucMtli tho yHurinm 
uorth of t.iu> >:rt-Io and Blue Rell slmft. U is 
awompauied hy bivei'mfinn iKuMheasl „f M,,, 



Herkinnir and by loe.al ahnornial -striko-s and 
dips sout.hwe.'it of ihe C.'n'.iMinial Eiirtd-;;* shnft. 
Thestrikfi sliil't, expressed liy n roUuive north- 
i'iist movement of tho southeast wall, is very 
little hcnr tho slmle Intt iiiL-reiiscs within the 
next SOO feot fo 2i)0 foe-I, an ninount wliieh 
rontinue-s jh fur iva the CfuUonnial Kui-ekn ahaft 
or to the oonnwdtid juneJ/ion of tliis fauJt mith 
ihe S. tlO'' E. fault. Beynnd this jundiou the 
displnewnont i^ rnuidi pirooler, but its luuotuit 
irf e-oniplieated by largo displaeementi ulong 
four otiier faults whose strikes nnxgc. fitim 
S. TO'^ K. to S. m' K. 

The origin of most if not all of these, fuulls is 
believed to be sinular to thnt of tho faults north 
of Kureka GuUdi, although the present dis- 
plawmont*^ 'don|j[ sonic nf them are evidently 
the result of moi-e. thnu one movement. The 
fi>reo!^ thnt developed tho. uroat easterly flnxure 
in the iiuiirtzite nnd ndjucent limestones nnd 
produred the loeitl ov'ci'thriLst ill the qunrt/ite 
M'cie elToctive throughout t-hc expcK^ed liine- 
srone scirtion. The flexinc pas.sed norlheiist- 
wiu'd into the Kureka Guleh ftiidt, and the 
flexed limestones on the south wore shoved 
piist the unflexed beds on the uortli. Just as 
the ilexure in tho quurt/.ite may be regarded 
ttn iui uuf^ynnnelrieul nntielinc with itj^ axis 
nearly norniul to the surl'm-e, .sn the Knreka 
Gvdih fmdt luny by rcgtncle*! as a rehited ovcr- 
tlirustwith its plane in u correspoiuling- normal 
position. The th-ag or shear alony the south 
block Wi-.rf So gi-eat tliat the block itself wms 
diylociited by tlic two udilitiunal northeast 
faulta aud by (ho S. «()*= E. fuult. The fault 
last meutioned niay ho regarded iia an ohlicpie 
branch overtiniist within tiie main overtlirust 
block.' 

The ori^nn ui (he northeast fiiidt that passos 
souih of (he Oeiitennial Eureka shaft and (if the 
iipsoeinte.d S. 70°-S0'' K. faults south of the 
f^iii^lc ixtxil Blue ik'U -shaft is more difTUuilt to 
explain. As the southwe.'^t end nf the north- 
east fault is nr'iu* an eastward bulge in the 
tpiartzite eont;ii't. the fniilt. and the btUjjre may. 
be rolate.d, and the uonliea-siwiU'd iuoreti-'^ iu 
displneement may be attribnted to a snuiU 
amount of rotation, From Iho Ceulenuial 
Kureka fihaft eastward, Iiiiwever, the cause ol 
the cUrectiom and amonntB of movement, is 
complex. The bk.cU that Uo-s due east of the 
Centeiuiial Eureka shaft nnd is boUiKlcd on the 
north by a S. 80" K. (ault luis luoved eastwaiil 
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and Tipwm-il with rospocl to fill tlio noi_£;lihonng 
bku'k^. Wore this block restored to u]ii!;iiTm'i»t 
witli tlu' luijacpnt blork to thp norUi. the dis^ 
phicrii'n'iit ;ilong tho northous^t fnult would .show 
onlv ii iionm;! iiortiieastwiud un-rt'iKso, siuh ai 
cioulii he iittrilmtcd to rotuiiun. It is I'lirtiipi-- 
moro noteworthy that thiy onsLwnrtl U[)thiust 
block" wouUI Ihi'ti bo in line with ilic wl'(1jv(>- 
shnpi'il bloi-k (hilt movfd iji approximatoty tho 
some (IJroction west of the Ccnlonni;il Eureka 
sbiifl. n"d i^' t'^"^ npporji's that (ho S. SO'' K. 
findt on the oast of Llie nortliojist fiutlt is n 
faidtei! cnntinimtion of the S. GO" K. fault on 
thf_^ wi'sl. This correlation implies thiit tho 
S. GtV-f^C-' E. fault wti» formed prior to tho 
Dortheii'st fault. ' 

Tho interviij between the two movements wns 
not noct^sarily <j:roat nnd may hare been wholly 
witliiii L]ie period of fokhng, but it is; also possi- 
ble- thjit a part or all of the movement along th© 
Tiortlieast fiiult may huvo tiikcn place later, 
during the volcanic penod. as is true of the 
Knienild-Grand Central fault deaenbed under 
the next heading. It is also probable that 
concealetl northerly faults, fomied during or 
after the period of folding, have been of somjj 
mduenco in determining the final positions of 
the fault blocks south of the Eagle and Blue 
Bell shaft. The details of faulting are too 
complicated to be fully accounted for, but it 
is obvious that the forces acting dui-iiig the 
period of folding wore also compUeated iiud 
ca[>able of producing faults in various direc- 
tions. The conclusion is therefore warranted 
that most of tho faulUug between Eureka 
Gulch and Eureka Pouk was due to stresses 
acting during the period of folding; thoiigh 
after the shapes of the major and the minor 
folds had been determined; but that there is 
some doubt as to the exact origin of the fault.s 
south of the Eagle and Blue Bell shaft. These 
seem m part due to sti'«^5ses acting in the period 
of folijijig and possibly in part to forces acting 
ill later |K'riods. 

Fuults btiwfen Eureka Peak and Jiammoth 
Oukh. — FiuUtittg is? much less comphcatwl 
south of Eureka Peak, but for the most part it 
can not be dofmitely cmrelatcd with any ofie 
period of distui-hance. Mo&t of tbe faults 
flapped are small and of easterly trend. 
Those north nf tho Ib-rldmer shaft appear tt^ 
ne accessory to the uortlieust fault that 

1(4:1;-].-°— 19 6 



pftssos just south of the Centennial Eureka. 
The most prnmincnt of these, which extends 
eastward to tho Opox siiaft. owes it.s irregular 
surface course (o it^ dip of .50''-60^ S. iind to 
tho umhihiting rharact^'r of the sm'fnce. 
^lovemeiit along it hns liecu nuirked by some 
rotation, iis the hnds U) the sftuth dip SO"* W. 
and tliosc to the north dip SO^' E. It is inter- 
rupted by a later northerly funlt. 

The many east?r]y faults exposed south of 
the Herkimer shaft along t!in D:;gmar lime- 
stoiio may l>r consideied stophko oll'sets 
corresponding to the eastward bulge of the 




Pi<iunB U.—DIock ilbKriDUi lllu»<riit!ni{ Idutu otuianl by Kctitiii]; o( ft 
blwkwlibanuppurwvdgDcncl, A,Doronifuuain£: B,uft(vraaJttfif. 

quartzitd nnd Mhale west of them. Tlnwe 
along tho Cole Canyon and Emerald dolomites 
may also ho due rn part to similar thrust^ but 
their offsets are not continuous and in phiees 
are opposed to one another, as if their move- 
ments were more closely related to concealetl 
aortherly faults formed after the folding 
period. (See figs. II and 12.) 

Tito Emerald-Grand Central fault, which 
passes northeastward by the Emerald and 
Grand Ccatnd shafts, is essentially pai-allel to 
tho more prominout northeast f:nilt.s above 
described and attributed to strf^ses active 
dming tho poiiod of folding; but auy similar 
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relations which it may have sho\vTi. to Heforma- 
tioii of the quartzjte Imve been oi>litcrjited by 
igneous intrusion and erosion. T'nis fault, 
however, has displaced a rhyoUte dike in the 
Opex mine (H^. 13), and, although it nifty 
have originated d'jring the perictd of folding, 
Liie most pronouncetl movement along it was 
dij^tinctly later, dui'ing the moir/AnntG intrusion. 
It iy considered further on page 84 with other 
faults formed at tluit time. 

Tlic iiorthciist faults around Mammoth are 
not sufPieiently exposed to suggest any relia- 
ble (duo iiH to their origin. Oidy tlieir hori- 




FiQiTBi? 12— Ottick dJiicmnu, lllutrtiadfiK ha]|j cjiued by KritJlng of n 

zontal ofT.-ieU are liiuiwu. Their arniiigGment 
resembles tliat east of the Centennial Eureka 
sliiift, and they may therefore possibly liave 
been initiated dm-ing the period of folding; 
htit they do not bear the same significant rela- 
tions to folds, and it js more probable thafe the 
greatest movements along them took plart 
later. The faults iu Godiva Moujitaui aud the 
probable fault along Pine Canyon are flLso of 
uneevtaiu ago and origin. 

It may he remarked, finally, that the faults 
most clearly a.^sociated with the stresses that 
produced tho fokUng bear no relation to the 
topography, and this lack of relation would he 
expected of compression faults, whose shat- 



tered zones would hirgely be rec^mentcd by 
the compression aud recrystallization. The 
Eureka Gulch fault may appear to give evi- 
dence contradictory to this statement, but the 
trend of the gulch docs not parallel the lines 
of principal disphicenient, nor do the ore bodies 
spread laterally nlong (hem. Open fractures 
also are abmidaut bonentii the gulch and may 
flceomit for its location, but eitlier they are 
minor tension fractures formed as a result of 
tho compression fault, or else they belong to 
one of the fracture systems of later origin. 

FAULTS DiaTINCTLY LATilK TH.VN' rOLDIN'C. UUT .\NTI':nATIN(J 
VOLC'AN-IC ACTIVITY. 

FaiUta formed distinctly later than the period 
of fohling can not be so definitely coiTchited 
witli any particular stage of deformation, 
partly because later movements may have 
tiilcen place along faults ah'eady existing and 
partly because tlie now fissure systems formed 
by forces active at dift'eront limes since the 
folding period tend to parallel one another 
as well as some of the older faiUts. For these 
reasons it seems best to outline the causes of 
deformation later than the folding, and to show 
their generdlly similar influence in tlie shaping 
of the directions of faults, without attempting 
to distinguish wharply among them. 

At the end of the period of folding tho rocks 
that had suffered an east-west compression 
and a corresponding north-soutii tension would 
undergo a recoil movement, owing to their 
elastic properties, contracting in a north- 
south direction and expanding in an cast- 
west direction. A further inducement to the 
same ro:uIjustment would be contraction duo 
to loss of heat generated by friction during 
folding; hut changes from loss of heat would, 
owing to the poor conductivity of rocks, be 
slower than changes affected by elasticity. 
'The elastic properties of rocks, however, are 
known to bo insufiicient to bring about a com- 
plete recovery from the effects of compression 
and heat, with the result that roadjiistmeut 
must be hii-gely brought about by Assuring. 
Tlie fissures would, therefore, develop on Imes 
normal to tho directions of readjustment— 
that is, parallel to and at right angles to tho 
strike of the strata. As fissures formed during- 
tho pcM-iod of folduig already existed in both 
of these directions, the readjuytmont could 
have taken "place to some extent along tlieso 
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old fissures imd it iliny havci cnusrwi ibci lornm- 
tiou of nmv iissiiros pariiJlol io tlio uK[ oiios. 
Tho fissures formed or InHiioncotl by this 
i-oiuljii.stmeut would tend to bo open rather Ihun 
tight. 

Another inlluoncini; factor woulil l)n the 
isosttitic i'liudjustinent of tho rooks i;i (he 
iione of <(UJisi-ilowa^e benenih the outer zouw 
of iji'.ouae folding, as postuhitiMl l)y (.lianilxir- 
lin,' A(x-ordi:i^ to this hypolhi^sis. tho ia- 
croiisfl of overburden m iipfoklod aioas of tho 
outer /.oiiQ would set up in tlie inner zoiio a 
movoinenf. analoi^jou-s to glaciul cvcop away 
from tho upfoldorl areas. There would ho a 
resulting collapse and solthng of the outer 
zone — in o^hor words, tonsioual oi" norma] 
fauUuig — which could last over a considernblo 
period oi time. The faidiuig would nulurally 
trtl^e place along tho llssuros ah-eady formed, 
especinlly easterly and northoply faults bound- 
ing rclati^'ely small blocks; tlii^ open character 
of the lissures would bo hir{j:cJy maintained; 
i^nd the principjil movement along tho fault 
planoa would bo downward, in contrast to the 
oblitjue upward aad eastward movoment along, 
faidbs formed during the period of folding. 

Those three forces, all of which were active 
at the orid of the period of foMing, t<inded to 
produ<M.i tho soinu result, which Is best ex- 
pressed by the discordant relations of easterly 
fauU-3 on the spurs southwest of Kureka Poak. 
The displacemoG.t on one spur may be just 
the roverso of one directly opposite on the 
next spur- The only apparent explanation of 
such opposite displacements is that an inter- 
vening wodgc-shaped block (with its thin odgo 
uppormost) must have settled along northerly 
fissui'cs and that the adjacent blocks, thus left 
vrith unsupported sides, .settled toward oacli 
other (fig. II, A and B,p.81) by sUppiiig along 
easterly 59am'es; or that a \vedge-shaped bloc^; 
with its thin edge ■ do^ix settled nnd thus 
separated the l>k>cks on both sides of it (fig. 
12, A and B). These northerly faults, which 
lie along shallow gulches, are concealed on 
the surface by debris, but their positions are 
iudicated where easterly faults on opposite 
sides of the gulches are displaced in opposite 
dii'eetions. Tho gulclios owe their origin to the 
r£pid orosion of shattorod rook along the fault. 
Although block faulting of tliis type ciih bo 
proved ojdy whores easterly faults we suiK- 

>Cti&intK>r|ln, T. C, The lau\l problem; Evon. G«alogy, vol. 2j pp. 



cicntly numerous, there is no reason to behove 
thut it is not present throughout the district. 
The most cctnspieuous of the- block fatdts «ro 
near the Opex shaft and south of theEagle 
and Blue Bell shaft. 

The lai^rr easterly faults that ha\"'e not been 
assigned to the period t>f fohhiig may be in 
part due to ihesr settling movements; but tho 
amount of displacement along them is so great 
in coni]>arison to that along the faults just 
described that it seems probable that the prin- 
cipal movement tdong them was due to lat^T 
ijisturbiinces which ac<-oiiipanied volctuiie erup- 
tions. 'Vhp most ronspicuoiis of these faults 
is that extending from, ilanunoth eastward to 
l-hc IN'ortheni Spy mine. Annther one, wlut-h 
is rather tibscure, extends idong the upper part 
of Ji'imy Lind Canj'-on. 

FAULTS rORKED DTJEING VOLCANIC ACTIVITY. 

The c.onceidnient of the sedimenlary beds 
beneath volcimic roelts aroimd ah the vcntw in 
the district exe-ept along the northenst bomid- 
ary of the inony.onite prevents thi>rough study 
of the iuflucnco of preexisting faults on volcjmie 
eruption; but the network of fnidts mid the 
readjustment that followed the peiiod of fold- 
ing must have made conditicms favorable for 
eruption. If the fissuring extended deep 
enough to reach the magma chamber, the more 
open fissm-es wi>nld admit dike iiltnisions; up- 
ward-converging fesurcs would permit the 
settliiig of intervenuig blocks, which would 
be displaced by ascending lava. Blo(.'k after 
block cotdd thus be displaced. Furthermore, 
the forces that were suflicieal to pnsli the lavaa- 
upward from imknown depths to the sui-fac^ 
must iJso have exerted conside-iable upwnrd 
pressure upon the fissured rocks above and im- 
mediately adjacent to the upward-mo \'ing lava 
columns, especially ivs tho asccnduig lava ap- 
proachctl the surface. ThuSj where a block wns 
so situated that the miigma could iiot work its 
way upward lu-omid it, the upwnrd force coidd 
have pushed it upward or outward imtil a con- 
duit to the sui-face had been opened. The 
conduits must have been formed either by such 
an upward and radiaiuig tlu-ust, or by a col- 
lapse and cngulfmcnt of the rocks which tho 
conduits now replace, or, «s field evidence in 
the monzonitc area suggests, by a combination 
of tlio two processes. So far as positive struc- 
tural evidence uidieatcs, the thrustuig process 
was the more effective. 
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Tho (!vidpncc of faulting noiuioctrcl wit.h the 
bi'gijuiiiig of Tolrnnic aoti^nly is to ho found in 
part HJ«ng faulta ihot ure <lisw)vcred in proocd- 
Ing jHLges. The nio^jt coavmcing evidcnuo hi 
tluit ufToi'ded by the " pnrtii^g," or iiiaiu fault in 
the Opox nibie. This fault has bcpii fctund to 
exlrnd northwnrd i»tu the CViitennJnl Tiureka 
miiio, whore itlvoujids l!ic ni&in ore bodii'S on 
thfc cjwturui Iskiiowii as the "cast limit "finisiirt'. 
Tho tifJul of (bofaiJt in tlio lower Opcwvork- 
iiiy.^is nearly no rtl I, but it rnrvc^ northward nnd 
upward to nn uiidulutLngnorth-uorthi-nstcoui-so 
iiy fur us the l,:iOO-fo<)t level ot' the Opex niid 
the 1,200-fnot level of the CVutx'iininl I^Iureka. 
Jts coDtiiiiiity m Ute CenU;iiniid liiirokji ih in- 
tc^'nipted liy one or inr)re fiitiss breidcs of >iouth- 
Wiutl dip. Thu jjriiioipiil inttuTuptiou is noted 
lit the (ufiss breuk oti the 1 , 200-foot level :ibout 
1,800 foot soutji-soulhcatit of tfie CVnU'imijil 
Kiiroka shaft. South of this point the fnult 
strikes east of north and dips wcstwiird; north 
<>: it the ftiult lies ubont 150 feet furtlier west 
tnd hits ti jiorthorly slrikt* and a vertical dip, 
eorresponding with tb-e hoddiiis he.tween the 
],000 mid oOO foot levels. About 1,300 feet 
sauthenst of tho Centctniinl JClireka yliaft, it 
nmy bo again deflected westward and its nortii- 
ward cozitijiufttion nnirkcd l)y the Rhode Island 
a tope. 

The trace of this fault is not apparent on the 
siij'fiicc, becauaii of coinoidence with tho vorti- 
(■ol betldbi}:;, and is only rongldy indicated on 
the map. Its uortheni i>»rt is sbowii ahoiit 
900 feet ea^t of the CVu'LOimial Eiu'oka shaft, 
whei-c ita approximate position is indicated by 
the disfordance in the amount of off.sot along 
the ci-oss faults on each side of it. Farther 
sonth there is nothing to indicate the fault nlong 
the surfaeo. 

In the lower Opex worlsjngs u, riiyolite dike 
has been ulfset by thi^ fault (ihe "parting"), 
fts shown in figure 13. Jlero tho oust wall of 
the fault- has moved nortiiwKrd for 350 to 400 
feet liorizoutally and for 200 feet upward. 
Theruulting thus took place nftcr the intrusion 
of the rhyoUte, and the movement of the east 
wall was away from the nionzonili^ whose 
northern oonliict is not cnrrespondin^Jily faulted. 
As the ouly kuo^^n disturbance that occiu-rod 
during this time was Ihc monzunite intrusion, 
it is ooueluded ihat tlie fe.ult wns due to the 
thrust of the inoD/.ot}ito magma. 



TUe inlt'rrnpti<.)ns of the fault along the 
Soufliwaid-Jippiiii; cross break inclicuto thot 
tho, nortiiward, .upward, movement sliown along 
tho "'purting'* took pbice also along tite south 
wall of the erot;s break or was distributctl 
along two Of moro parallel cross breaks. 
Accordiu}/; to this inlerriretation tlie pnrls of 
the ero!^s breakn east of tho fault are eflin- 
prcssion fivulls, whereas tho piirts west of (be 
fiuilt have not bei'n coniprcssi'd but may even 
hiivo boon opened to some extent. This eon- 
elusion may have some bearing on the fact 
thiit tho large ore bodies -ir. l-hc Cciit,e.iUii.-d 
Kui'cka. lie idt»ng these cro^s breal^s west of 
tho northeily '"oast limit" fault but do not con- 
tinue to tlie cast of it. The underground evi- 
dence, however, is too meager for thisi stutoinent 
l.o be regarded as more than a suggestion. 

The Emei'ald-Grund Contra! taidt^ is marked 
by a disphicenient similar to that along the 
"parting" or 'V'ast limit," just described, the 
cast widl movijig relatively northward. Its 
dip in the Emerald nime is o0'*-70° W., and if 
conliimous in this direction should bi-ing it 
ve"y close to, if not into junction with the 
southernmost exposure of the "parting" on tho 
2,U7-foot level of the Opex. The dip in the 
Grand CentrnJ, so far as shown by the few 
exposures, is about the same as in the Kmc-old. 
T!ic position of this fault with respect to the 
monzonit* mass, the direction of displacement, 
and its dose rehition with the "parting''' all 
tend to indicate that the faulting was caused by 
the pressure of the nionzonile magmn, 

On Plato IV is shown a distinct, southward 
divergence of the sedimentary formations just 
north of Mammoth, all those west of the Opo- 
honga limestone cui"\'iicg westward and tlioso to 
the east curving eostwiird. The axis of diver- 
geiu-e ia approxi-mately on aline with the norlh- 
wtird-projec-liug prong of monzonite at the 
Lower Maiinmoth mine. Tho structure sug- 
gests that the pressure of the intruding moii- 
zonite was sufllcient to pry the sedimentary 
i-oeks apart. If this was so, the eiisterl}' I'nults 
just north of Robinson may represent, wholly 
or in jiart, dislocations caused by the westward 
tlu'ust, rntber than those formed as the result of 
foUting, This movement evidently preceded 
thai along the Emerald-Grand Central fault, 
i thougK both were closely related. 
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The iulrusion of llie Swuiisca rliytdi'c inny 
aJso hnve Pxovt(-xi a prying (.•!T('<-t, jhkI i( i-; nou^- 
woi'tbv thai no inclusions ol [5iiiirf/.ilL' nv liir>o~ 
stone hnvo bei'n found in it, bnl its nosiiion iind 
contacts havp been so chnrLfird hv t'aLilfinj:: 
caused by tlie inoiiLZonito intrusion {p. S6) 
that its ii'.Huenec. oii the sliuctuvo of thv srdi- 
montiiiy z'ooks is practicully aI>litor!itc«l, 

Tlicgvcat Miinimolh-NovnK-'in Spy fault zone 
is believed to be due, itt lensl in piu-(, to t.hc 



opposite sides of the fnult- are obout cquiU. 
Jlt'i'c the u]>per bed.'^ of the fUuebell dolomite on 
the south life op]>osite tlw ujiper Ijeds of the 
Pine Canyon hraostone, indieiiting a vertical 
dis;p]aeement of at Jeiisl l,nOO imd porhnps na 
Tuueli as 1 ,500 feet. Some of t\iis movement-, as 
already sug»^estt'd, may have taken plaee during 
(he period of settling previoi;^ to any volcanic 
eruption.s, but the great amount of \*i'i*lieal up- 
lift oa iliesamo side of Ihc fault as tlie nioiizo- 




FiaURK 13.— St«)rua^;itn showfug fniitud 

tlirust of the monzoiiito ma^rna. The dis- 
placement along; this fault zone is mtirked by u. 
relative rise of the south wall, sufTicieuL to bring 
the lUMirly flat, beds in the troujjh of the syuohne 
up lo the level of the nearly vertical beds of tlie 
west limb, iik-o PI, V.) The apparent groat 
horizontal ofTsol along tliis fault is due chiedy to 
these cifTerencea i:i dip. The actual .vertical 
displacement w best e.^presscd along the slope 
near thi; Northern Spy shaft, where the dips on 



nite ond the fact that the monzonite underlies li 
groat part of the uplifted block stronglv suggest 
(hut (he fault w'its due to the thrust of the rising 
nionzonite magma, llie nunif^rous limestone 
inclusions in t!»e monzonite along the si>uthwost 
edge of this block show that after the block had 
been raised it underwent partial replacement, 
tln'ough stoping, by the. still fhiid monzonite. 
Some of the lai-ge inclusions near tlie contact 
may be eroded roof pendants, but other's, espe- 



86 



GEOLOOV AND ORE DKPOStTS OF TINIIC MlNTNG DISTltlCT, UTAH. 



large quarUiU'- iiu-lusions, but 200 feet lower- 
It iviiiy be argiioJ tliat tlie qmirUitc, being 
lighter than the !)u»ii«oTiitP, ^Vl^s floiUncl up- 
ward in the luvii, wliiic the heavier limestone 
l)ioefe sniik; hut, ifc is imposbiblo to explain 
the marked sepunit.ion of. the quartzitc find 
or to cloHcly nwocijiiod faults, but tlioir con- j limestone in this wuy, for bloeks of the quiu-l^.- 
tftfts .lift too complct^'iy bidden by debris to , ite, which CYer>-\vherc mulerlny the limestone. 



ciiiUy those found undergi'ound and not on (-lie 
surfact', have been completely rJ<"tiichod by the 
miigmii. 

The diseordaut rchifions between the Paok- 
urd rliTolitc and the lalile-andesito series east of 
the Xort-liern Spy shaft nny he due to this fault 



peiTiiit any more positive statement. 

The norlheast faults urotiiid i\hnnmolh may 
hiivo biM:n dav., wiiolly or in part, 'o the nionzo- 
nit/'intrusion,biitconvint;i7igevideneeislaeking. 

Aiinther blndc that appears ti> imve been 
fii>t upfaulted and then largely destroyed hy 
the rnonzonitc magma includes the main body 
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should have also been floated up uinoiif: the 
L'Xpoaed Umestone blocks, ami other hincstone 
hh»rks should have settled ouioiij? the ex- 
posed quartzite blockt^. If it is eontendcd 
(:hat the liiuestono blocks were too large and 
too numerous to allow underlying quartzitc 
blocks to rise among them, it must also be 
exphiiucdwhythclhuestone 

blocks west of a oei'tain line 
all snidc boloW tlie present 
surfaee niul below the 
quurtzitcinehisions, leaving 
no trace of their exist entx, 
while the blocks ea^t of 
that line hare sunk hi tic, if 
any. The cUITicialty is 1<"^- 
sciied by assuming that 
the line bet-woen tlie lime- 
stone and quartzitc. in-du- 
siona was a fault with 
upward ami westward dis- 
placement on its west sirlc, 
U3 shown in figiirc 14, The 
upward displacement along 
this fault can be rougldy es- 
timated by comparing t.ho 

Firiuan II.— tlrEtffnJlw.1 m-"1Jmii Di'j.jwing mtxr^tod (aiilllti!; iifiur l"' tiiiniMnn of Ibi; ;^wniL---i -itinn nfthp niiMVtyite in 

rfc,iollii'Hraj'«Vl«Kurenio1i.ini\lMin»ritio mirawtiill^y. 1 una lu, 3 and aa, a nod3o r.-i'Tcsnit -i>. P'.'^l!^!"" "' i''»^ quai i/,ii.L. i- 
;.ffixHHi»la5iu«au««ao(-M»tftili poiiita b«Jc« uaduJlM- Inullitig. Fcr PJiiiliUiiiMan ofoUMirtytuMli clusionS witll a restored 

•^"■^'^ section of the socUmentary' 




of Swansea rhyolit^c and the ftssoeiatcd quartx- 
itfl in tbe lower part of JIamnioth Gukli. 
Tlio BUggestoit Utics of fuidtiiig arc one nearly 
dm': ciwt, **.ounoetiug thu n<)rili end of tlie main 
vhyolito mass witli llm south end of the isinnll 



rooks, as in Fhite V, section O-C It must 
have been, according to tins section, at least 
1,200 foot. According to figure 14, in which 
more factors are considered, it may havo been 
as much ns 4,000 I'cet. The- ^^'estward com- 



lunly sonl.hea.«t of l^obiiwoii, us indictitcd inlpfuiont of displacement is indicated in Plate 



PUto IV; ulso n uorthorly lino in the prcticul 
monzouilc ju'ca, passing lietwcrn tlie qu;U'tziL(» 
inclusinils ou llio west nrui the linu-stone in- 
clusions on the OH!*t. The ctistcrumost quartz- 
itc inrlust<nm arc rather sharply separated 
from those ol liuit^tono along this nortlierly 
line. Furthenuoro, the tunnel entering the 
nionziiuitc. souili of Kobiui^on (T'l. TV) e>;tonds 
for most of ilrf length th.rnugli large blocks of 
nietaniorpliic liuicstonc wliit-li lie ]nst east of 



V by the distani'-o botwcon the west boundariee 
of tiic main mass of Swansea rhyolilc and the 
snirtll boiiy southeast of Robinson. The liict 
that tlic faulting was later than the rliyolitc 
but wa--^ largely obUterated by the monzonito 
indicates that it was contemporaneous with 
the rising of the monj'.ouif<i magma. Tlie i>ros- 
eut inclusions of (|iiart7.ite nniy be in i)art ri.iof 
[icndaut's, or blocks sloped from the bottom of 
the uplifted block. 
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Another fault tUat was formed iind iulcr 
almost coiiiplotely oblitcrfttcd by iV.o nioD- 
zonito intnisioii is su^estod by ihc quiUiziU* 
inclusions just ntyrth ol the M;iri-h;i Washing- 
ton shaft and those sonthwosl of the Sunbeam 
sliiifl. Tho ip.du-sion noiir the Mnrtim Wnsii- 
ingl.on sliaft sliouJd. i! the sethiiientiiry loclvs 
were restored, lie nL lea.st 2.t)00 feet bohiw (-he 
present surface, and its po.-fitioii close to the 
eastern ed^e of lUo clearly intrusive inonzouite 
does not favor the view l.liat it was floatod 
upwuni that amount. The abscnee of lime- 
stone inchisions west or southwest of this place 
is also striking, and the combined evidence suf;- 
gests that tin cfisterly foul;, may have been 
formed by the intruding nionzonite a short 
distiir.ce north of the Martha Washington shaft 
and tho block houth of it thrust upwavd. It" 
this was so, the uplifted block was hitcr dis- 
plneed or stope.d away by the monzonite, and 
iill that remains of it to-day is the snuill num- 
ber of inclusions, moatly of quurtiiito but 
one of Swansea rhyolitc. 

The oidy evidence of possible (hsplaecment 
aec^>nipan3'ing rhyohte eruptions consists of 
the ousterly faults in and northwest of the up[)er 
part of Jenny Liud Canyon. Tne- north walls 
of these faults have been relatively moved up- 
wanl to the west, antl their positions with re- 
spect to Packard Peak suggest that blocks may 
have been tlu'ust upward and out-ward from the 
rhyolitc vent. The evidence is so obscure, 
however, that nothing muro than thiii mere 
suggestion is wnrrauted. The width of tho 
Swansea rhyolite and the absence of inclusions 
witliin it suggest that some fuultiug may have 
been caused by its intrusion, but all da(.ii on 
the problem are conc.e;\led by alluvium or liave 
been destroyed by tho effects of the monzonito 
intrusion. 

USTBOD OF MONZONITE INTB-CTSION. 

The foregoing descriptions give some icdic-a- 
tion of the method of tho monzonile intrusion 
nftcr the magma had riseu within a few thou- 
sand feel of tho present sm"face, or to ft point 
whfM'e the strength of the overlying forma I ions 
was. insufficient (o withstand the upward prcs- 
suni of the mng^na. As shown by ihe map 
(PI. I V)^ there was evidently some prying rtpart 
of the older rocks, either by the Swansea rhyo- 
lite or by tho monzonite, but the opening for 
the inoi:zonilo magrau waa made principally by 



faulting. Large blocks of the promonxonite 
rocks worn pushed upward and outwurd from 
the couiral part of the pre-seni monzonito area, 
ftod openings may well have Wen formed 
through which tlio magma reached tho surface 
and added surface flows to the gi'ent lutite- 
nndc^ite series. *Vfter pressui'c against the 
rising magma had been relieved in t,iiis way 
Iho magma continued to enJargo its chamber 
upward by displacing or stopijig blocks of 
limestone, quiu'tzite, and, probably in' small 
part, Swansea I'hyolito. Tho sloping proM8.s, 
as shown ui Plate V, was of considerable cl- 
ient but does Tiol seem to have had as great an 
effect as the faulting which pi'eceded it. 

It is taken for <|^ranted in the preceding dis- 
cussion and in the discussion of differenliatiou 
thai tho quart/ite end limestone inclusions in. 
the monzonile sardc in the magma, or at least 
did not rise t-o uny apprcciahlo extent. As 
there is much skepticism regarding the possi- 
bility of a rock as light ns quurl/,iio sinking in a 
magmn as heavy as that of moiizonitc, a short 
discussion of the question is pertuient. So far 
as field evidence is conct>nicd, the prineipul 
difFicully with the a-s-sumption tliat the quai'tJ:ite 
hiocks roue from gn'<?at depths is their nuirked 
localization with respect to tliosc of liaiestone, 
as shown on page Sfi and on Plnte TV, The 
interpretation just given of faultiiig upward 
and outward from tho center of intnjsion and 
the subsequent stoping of fragments from the 
fault blocks avoids thw difficulty. 

The question of rtJative spocific gi'nvity of 
&edimontary and igneous rocks fcns been eon- 
sidercvl hy Daly, ' who quotes ft^urefi ba.sed ou 
(experiments hy Douglas, X)eles.sc, end Barns, 
showing tlic specific gravity of different igneous 
rocks and of their corresponding glas.ses or 
melts at difTeront lemperaturea. T)nly also 
shows the tn:lual and calculated specific gi'av- 
itiea o\' spdiuicntary rocks at. corresponding 
temperHliires. Tho specilic gravity of the 
mon'/ouitc, Tinlic quartzite, Horkinier lijni'- 
slone, and Bluebird doloiaito, determined by- 
George Sleigcr, is given in tho first t^oluum 
of the tHbleoripagoSS. The figures in ihc other 
three columns, estimated by comparison with 
c<«Tesponding figures quoted by Daly, indicate 
the spocific gravity at high teuiperature-i at 
wjiicli the monzonitc was still fluid. 



I Dalj', R. .v., T1^« niM-hoalia dFIjiiiikhu liitntUoB, third pjper: Ani. 
Jour. Sei., Itb t^er., vil. u, w. 2'-3N liAs- 
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Specific gravily oj momoniu arul icdhtumiartj Tockt at room 
Um.p'j'aiure and high t'jrnpiyaturi:^. 



tloriiblendc-Motito mon- 
zonito(proliahly affect- 
fid by pueu mainly tic 
a<;lir.ii) 

Aiigi'-ft moiiiMjriit43 (unul- 
U're-l) 

Tintif- qtiarUitc 

~l[<!rhin]L:r liinc'Stone 

Bluebird doIcrtniLe 



Koom 
tem- 
po ra- 
iure. 



2. OTjO 

2.729 
2.6;i8 
2.60& 
2.832 



1,000'= 

c. 



1,100^ 

c. 



1.200' 

and 

1,300' 

C. 



2. S3 

■l-io 
2. 50+ 
2.61 + 
2.7-1 + 



2.37 



2.36 

2, -13 
2.S(i 
2.(51 
2. 7-1 



1 •Vtmpitratlre dais Ivr tItU ceKimn ttn oal ^jvoi Id Daly's ubK 

According to thpse figiu'es, only the dolomite 
IB hoti^nor thnn tbo un»l(*'^rerl monxonitc at 
room temperature, but all the sodiment^^i'y 
roc.ky^ Including tbe li^ht »[unrtziti.', are dU- 
tinctly lieavi(U' fhtin the icion/.onlte at higli 
tempo I'aturos. The luiuuvacy of thcflc figures 
may of oJiturHc do open to qupstioii, because of 
tile Jifificulty in prevcutinj» the eseapo of 
occluded giiaes.iti the rocks at high tcmptnu- 
tiU'Q. Iniiccurnty du(5 to that cauwc, however, 
would tcntl to render the (inures fur nil rho 
mvka too high, rather than too low. Kurther- 
inoro, the amount of eontuet metamorphlsm 
imd pneumaLoIyLie notion nssociatcd witli the 
inony-onito, though not unusually groat, is 
siiffieieiU to show that conyidcriiI>Io volatile 
inivtLor was present in the mouzonito nu\^ma 
imd this would also render the actual spoclGe 
gravity of the magma less than the calculated 
gravity given lu the table. The exiieriniontal 
data thereforo agree, so far aa they go, with 
the facts observed iu the field and favor the 
(?ouelusioii that tlut quart/.it*i ns wed as the 
limestone irielusioria may htwa sunk in the 
mngnuv or at leiist did not vise to any appre- 
eiithle extent. 

FAULTS Oa FISSCRES FOHJCED SHORTLy APTEH VOL- 
CANIC ACTIVITY. 

The geuernl trend of figures irL tfie mon- 
/.onito is n4.rth-northenst to northctiMt, parallel- 
ing d-he long iixk of the mon/.(initc nmsa. Tlic 
eliiof miaeraliwtl fis-suro hi tlio Swansea Hiyo- 
lite trends north to N. 15* \V., but this too 
piirallcls the contncfc botwfien monzonito and 
rhyoUte, The main fissures aro Ln phc^^s 
linked directly together, and a few of them 
are coimocted by cross fissures of northwest 



or northeast trends. The two principal fis- 
sui'e zones along the east boiuidaiy of ttie 
exposed nion/.oniio have an average trend of- 
X. 20*^ E. and continue in the metainorphic 
hmestone aa far as the great eft.sterly fault 
at thp Northern Spy. Here they connect 
with the two northerly mineralized fissiires 
lhi:t IIb in and a little west of the sviielinal 
Mxis. 

TIio an'iingoment of the fissures in and near 
tho Sdver City stock of monzonitc is such ua 
might be ex]3ected lo result from contraction 
during the cooling of the moD/onit*i. Under 
such couditioiid fissures would develop gen- 
erally parallel bo and normal to tlie cooling 
smfac^a, both wilhin the cooling mass and in 
the surrounding rocks. Obhque fissures also^ 
might be formed, ospceially in the central 
portion of the cooling^ mass, toward 'n4iich suc- 
cessive zones of contraction would become more 
andinore cireuliir in outline. Several systems of 
fracturing might result, all formed ut approxi- 
nojitely the same time. Curved fissures might 
result where the cooling surface was curved, 
or where one fissure in forming approached 
another formed at the same time or even 
somewliat earlier. The direct linkinc: to- 
gether of nearly parallel fissures and tho dying 
out oi two nearly parallel fis-surcs on opposite 
sides of a connecting crtws fissure are also 
results lo be expecteil from such contraction. 
It is true that some or all of those relations 
may. bo efTcoted by other forces, such aa ex- 
pansion un reUef of compression and folding; 
but in the Tintic district folding (compres- 
sion) and subsequent" expan,sion stresses clearly 
precedcil the eruption of the -igneous rooks. 
Tho only forces aelive since the mon/.onite 
intrusion have been contraction due to cooling 
and the stresses that, pi-oduced the Basin. 
Ranges. The faults that border these ranges, 
however, aro marked by valleys, are as a -whole 
d'-itinctly later than the volcanic eruptive 
periotl, and in some districts of Utah at loast 
appear to bo dlstuictly later than the period 
of ore deposition; whereas the fissures in and 
around the roonzonitc arc minenihzcd and are 
quite uidependcnL of ihft topography, 

'n\o ooutra-ctinn of the mon/.onit^> into a 
number of detached blocks or slabs parallel 
to tlic long axis of the area would nocessituto 
subsequent setthng acconipiinied by more or 
less faulting, but no faulting cf very great- 
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clispla(-i!:Ji('iit. If Iho isostacK- rcudjuslincnt 
(p. 83) lliiil. followed folding wns still in prog- 
ress, after (ho consolidation of tin- mouzoiiite, 
it could ^i^>r^'r to incrense uny i'aiJl-in* in the 
monzonitn and porhups could hv siigyi'strd iis 
a strong fuclor iii det-i'rminiiitr the direetinns 
of llu*. moiu 6ssuTPS. Such se'ttliiii^- would Irml 
to close- certain of ihe Hssures nnd to open 
others, nnd tho latter would boeonio the 
channels :dong which ore-forming solutions 
could ascend. 

Tho sjuno contrftction would aO'ect the met*- 
morphic lioieatone and might extend tioxne din- 
tiincu "beyond tlie metamorpliic «x>ne in tlif 
overlyinfi: limestone. Additional settlirif;; nnd 
fissuriiig, to twimp«nsato for (liti rust qxianti- 
tios of rhyolito iind Utit* transferred from the 
magma chamber lo tho surface, would ttike 
placo in tho qnartzitc-limwtone qith. Mnuy 
of the postvolt-umic tissuroa, including pi-ohuhly 
those along tHo syuclinHl axis, woTild doubtless 
coii^cido with oilier fissures, but some of thoni 
appear indopontlont, as luay bo tho ease w-ith 
the mineralized fissures in the Mamnioth-Gr^ind 
Coiitral ore zone, which, ulthouj^h closely con- 
n6<:ted with tho EmerHld-Grand Central fault 
zone, trend as a wholo across it. 

Tho postvolcanic mineralized Assures in tho 
limest-ono voo' *'**>iinionly cui-vc from their i-eg- 
ular com"ses wlicro they approach older cro&s 
fissures, and thoir continuations boyoud tho 
cros;i fissuixs are not in lino and may follow 
dilToront trends. This feature, which has pro- 
duccil deflections in the trends of several ore 
bodies, is noted in several of the mine descrip- 
tions. It is rather coninion for n single fissure 
on one side of a cross break lo bo followed by 
two pnrnllel fissures on tho opposite side, and 
nt Slid, jxmctions with cross breaks the be*^t ora 
shoots are likely to be found. Tne fonmition 
of the post volcanic jissm'cs was acoompiuuoil by 
considerable shatterhig, especially at and near 
their juncti<n'.s with cross breaks; but as they 
are niastly parallel or nearly parallel to steeply 
dipping or vevticnl strntu the amount of dis- 
placement along them is nowhere known (o be 
very great. 

Several dikes of nionzonite porphyry in tho 
Iron Blossom No. 1 mine appear to be faulted, 
and (lie contacts between the limestone and 
the main porphyTy mass on levels No. 2 aud 
Ko. 7 of this mine show some indications of 
faulting. A monzonite poi-phyry dike on the 



ISO-T'odt IdX'id of the Iron Blossom No. :i also 
appeni-s to hefuuUod. It is not known whether 
theso possible faults antedale or postdate 
niiunruliziuion. 

The post volcanic llssuring lusted over a cen- 
sideiabie period, as might bo e.vpecleti in a 
slowly cotihiif; volennlc region. Alon;^ some 
fissxires tliat hud boeti or were being mineralized 
there was rene\ve<l movement, causing a slial- 
teiing and subsequent leconuiiiting t)f the on;. 

I'AULTS DISTLNCTLT LATER THAN MiNERAJUZATIOM, 

It is very probuldo Iriat the posl volcanic fis- 
during eontinue<l intermittently after minerali- 
zation HTid overlapped the Basin Range fault- 
ing, whicli is stUl going on in some parts of 
Utah. Tiie ago relation of Basin Range fnull- 
ing to ore deposition is not idoar, ospeciuUy in 
tho Tiutie district, where tbei-e is little oppor- 
tunity to prove Basin Range fanUinj; and where 
the ore bodies have undergone very little dis- 
placement. 

Two small olTsets were noted in tlie Swansea 
vein during the carHer survey. (See p. 2.>o.) 
A i)ost mineral fault was noted during thniTcent 
siu'voy in tlie Coloi-ado mine ^00 feet north of 
shaft No. ], u'luii-o the ore body is ci-osscd hy a 
brecciatcd zone with apparent d(*^\^lf!Uilting 
On its north side. Postminonil slickonsicks 
were seen along the ''east limit" and several 
parallel north-south walls in the South Carolina 
stope of tho Centennial Eureka mine antl in tho 
principiil cross luenks of thn same mine. Simi- 
lar evidence of postmiueral dislurhtmce was 
noted in the gold stopoof the Victoria mine, and 
along tho largo brucciatod z/ma called 'Hho 
dike" in the Alaunuoth mine; but no great 
displacement could bo proved at ntiy of those 
pluci'S. 

The one recognized Basin Jtangc fault '/,one 
in the East Tijitic district ia incnlioned in 
the descriptions of topography nnd of tiie vol- 
eiinicrocks(pp. 16;44,aud ■46). It lies along the 
valley that extends nonh-iior(lieft*twnrd from 
Silver Pass aud is marked by h series of stop 
faiJts that have raised the base of the" I'uck- 
ard rhyoJilc from the levtd of the valley up (o 
tlio crest of the ridge. Tlie lopogi'apii}^ of tho 
district suggests other pow^ible Basin Range 
faults, but uono have yet. been confirmed by 
f structural evidence. Topograpiiy, however, 
can not everjnvhore be accepted as a criterion 
of recent faid'.ing, for the prcminenl Eureka 
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ar.d Mtimmotli filches are associnted only 
with fiiiilu formed hofore the pei'iod of ore 
depoMition. 

S1JH3UR7 OF FATTLTIMG. 

FauUin;^ in '.he Tintic district took plflt'c 
dtirinj* fivo periods — (I) during folding, (2) 
after foldiiiK tiut before volcunic activi(y, 
(3) during vok'unic activity, (4) soon after 
volcenic aclivity but before mincrulization, 
and (5) distinctly Liter than minernliiiation. 
Tliese periods were not- aJI jibar[)lv scpariUct,! 
irom one nnother, tmd niovnnieuls alonfj 
sorac faulif^ nro kuown to luivo lukon place 
diirin;; more Ihiin one period. 

1. The oiirlip^t faults reeopnized are prin- 
cipally ('.omi)i('s,sion fuult-s foimeu by the fold- 
ing foree.s after liie shapes of the folds laid 
been dclermiaed. 'I'liey include local over- 
liinjal.s and accessory easterly' fuult.s alonj;: the 
quiirtzitc arid shiile contact., and three or more 
strong nort!iens(. and two northwest faults in 
the ]ime>-tone area. The shale was so flexible 
that, with one exception, lione of the fuult-s 
crossed from lira(*(onc into quaJi/.ito. The 
movemiint- of blocks nlon^^ all these faults 
appeiirs to have been jjier.oriiljy ctustwiird, 
uivolving A considerable hos'i/.ontul and somo 
upward displiu-enient. X^orthcrly faults ato 
were probably formt'd but'ean not be disiin- 
guished on the sujfaee, A number of easterly 
faujts in the limestone were also fornnni, 
some nce<'ss*^ry to the noi-thcast faults and 
othon* itioro elosely canneeletl with Oiwtwurd 
bidgi's in the (|uartzilrt. 

2. After the period nf foldliip the tendency 
of the roclvS, now relieved from compression, 
to reexpan<l, a yriKlu:il loss of fi-ictional heat, 
arid a ^Taduiil inostutic readjustment all eon- 
Iributed to Ihe dcvehipment- of teiisional or 
normal faults. Tin* fuulfin.f; took i>larc eiuedy 
in norllim-Iy and paslerly (ii^<^etions and wu-h 
marked by the settling of rertain blw-ks nn<l 
thi^ tdfinir nuj convergejice t^r divergonre of 
iujjaccnl blocks. Such faults o-an Ito proved 
only where cxposin*es nrc »biind;ir.t and other- 
wise fHvoruMe for their detection, as lii the 
area southwest and north of Euh-ka Peak: 
but there is no veiisoTiuhle doubt that they are 
provaleiii throuj^bout the district, 

3. Tim network of faidl^ already fomied 
nnd ihc geneinl settling along them gave con- 
ditions faverablo lo volcanic eruption. TJie 



pre^ure that forced up I ho lava columna, 
besides prying apJirt the strata to some extent 
just north of Maninioth GuJchj was sn3icient 
to cause further niovemont along existing 
faults as well us to produce now faults. Some 
of the displacements ihal may be atiributed 
to this cause ore mm-ketl hy upward movement 
of blocks nearest (he igneous bodi<'s^ — for in- 
slftuce, the Sioux-Ajax fault and the obscure 
I'auits south and southwest of Kobinson; 
othei-s iij-o marked by the more nearly hori- 
zont;)! movement of it block away from the 
inli-uding raouzonite magma — for instancx^, the 
"psirting" or "east limit" fault in the Opox 
and Centennial Kui'eka mines and the Emer;ild- 
Grand Central fault. The monzonilc intrusion 
was aJso bi'ougltt about m p^u-t by the stoping 
away of the upfaulted blocks, but stoping as 
a visible procc-ss of intrusion was subordinate 
to faulting. 

4. More fissuring or faultuig took place after 
the cessation of volcanic eruptions autl affected 
both igneous and sedimentary raciis. It is 
atiributed in part to cont-raclion of tho igneous 
rocI<s, e^'ipecially tho monzonite. and to the 
general reeooling of all the rocks in the tlis- 
trict; also to further settJing movemen*^ to 
compensate for the gretit amount of lava 
poured out upon the surfacL-, as well as to the 
isostatie readjustjnent that may have been 
going on ever since the e<^ssation of folding. 
Ko faults of great displacement are known to 
have been foi'med at t.his lime. The develop- 
ment of new open lissures, however, as well 
A3 tlie reopening of older faults, iuui a ^argo 
influence in detennining the coui-ses of the 
minerabzing solnl ions, whoso period of acti^nt v 
is believed to have followed shortly after that 
of the nion/.onile intrusion, 

5. The fiuiil period of lissuring or faulting 
^was that in which tho Basin Kunges were 
j developed. This period (^an not be sharply 

feopamtcd from that next preceding, aud movc- 

; merit ia known to bo still in progress in some 

I parts of Utah. Some of tho Tintie ore bodies 

jure cut by postmineral mo\'ejneuts along 

older faults, and at a few ]>lnccs ore bodies 

have bnt^n dearly displaced; but at nom^ of 

these places" has the amoujit of faulting lieeu 

great enough to interl'ere seriously -with the 

following of ore bodies. At least one fault 

of the Basin Range type is Ivnown to oxist 

■within the Tintie qnadrangle. 
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UOCK Al.TF.R.VnoN. 
PERIODS. 

Tliovo %vcro tlivce period-^ of rock nlt^onitioii 
in tVio Tiutic ilistricl — imc bcf-n*^ voli'siiiic 
nctivity. fli>o ditriiit; ami inuin-diuloly iil'ler 
vole»iiic arlivity, find ono dislinctly Inter than 
voltiinir acii\'T.t\' mid oNtoTid'mg douit to tlio 
prwsenl. Tl is lulvisaldo lo ili-^i-iiminnto l>c- 
tweon l!io eftVcts of M:o (iifi'eroul (KM-iods in 
ortliu' thiit the pniiiculnr iiUorai.ioii jissocintod 
with orf doposilion may bo dwtin»^iiriluKl 
fwm othor kinds of no lUMmomir significniico. 
Not, ovory varioty ol' n>ck ahnnition it- nn 
hidicali(ni of ore. 

ALTEHATION BEFORE VOLCANIC ACTIVITT. 

Alternlion boforo s'olcniiic. acti\'ily intdiidi?s 
tlio-fi>nnatioii of rhort loiis(3s, dolo:iut.i?:ntio7i. 
pojisildo luiiior sericilizalion of s'tialo during 
tho folding ytago, iiiid sui'fftco wi'.atliering. 

Chert, lo.nsrs an»l n4Hlul('-s nro prominent at 
tlutin (iisthiot horizons —in tho Ajnx liiiurstono, 
in a small part, of tho BluolioU doloinit<'., and in 
tho Pin.e f^myoii liiue^tonc. 'Hicy arc n\ no 
way nti indication of ore, nltliougli tho chcrL 
on fresh I'ructiu'e is von' similiir to tho ihio ro- 
pliiconiont quart'/, in Iho sihcfous ore doposits. 
7Tio silica in tho cbort was de-po-^ittid ns ]>;;rt of 
tho original roi-^iv, in l-ho form of niici'oscopio 
sluiUs or spo^ii^c spicult's, nnd wii;* Intor con- 
conti'atod into concretions or no<luliit; along tho 
boddinLT planes. Wliero tlio tiupply of r^ilica 
>viis rchitivcly ii.l>midant, nodules grew to a 
con>;lderahlo size, and in nniny places two or 
mom r.othdes woi"© united into more, or less 
IciL^ike forms. Iti tho Pine Ciniyon linic&tono 
c'licrty heds lio aho^'O ;Uid below tho coarso- 
grained lir.u-stono that has hetin so oNtonsivcly 
i-^-.placod I>y ore; hut tho donso chcrty beds, 
wlicro tlioy aro in contact with the oi*e, form 
the intperi'^iouA walls or i'Oi>f of the stope. and 
are not. thcmselTes appreei»ibly mineralii;ed. 
Fm-tUermoro, the cliert is ju^t as alnnidant in 
outcrops reinoto from om lus in tho immodiate 
wnUs of stopes. It is not impossihic for oiv to 
form in the chorty hed^, hut they are fur Icris 
likoly lo carry ore IhuTi the coai-se-gnnned 
nonchorty linio»lA>ue. Another indication that 
the chert Is not ii sign of ore deposition maybe 
setiti in tho silicified outcrops east of tho Black 
Jack iron mine, whero quartz has complololy 



replaced the Ajiix limc«i(oJie, with the excep- 
tion «)f (he clierl louses and noduli^, wViich 
linvo uuderj^ono breceiation but are still 
rccoc^u/.able. The silicltic-atiou of fossils hi 
the Gfiriiiicr didomitc nnd hUer bods is be- 
lieved to have Immmi coutcmporanoous with tho 
devel<»pmeiU of tlie chert leustxs, 

nOLOMiri'/.ATION. 

Dolomilo. ns sho-wii in tho descriptions on 
pflgcs 28-40, is almost wholly confined to rattier 
fiuo-grained crystidlinc bods, most of thorn 
sliowiug fossil renmaots aiul soino of them 
ci'oss-hctidiug'. It is not limited to any spe^^ial 
horizons of the sodinientary sorics but occur3 
thi'oughout the soriiv iu contact with dense 
and slialy nrgilliu-oous limoslonos. Tho chora- 
ical composition varies with tlui textuw of tho 
rock. Tho i>resonce <»f fossil fragments con- 
verted partly o- wholly into dolomito is proof 
th.at the il(>lomile is secoxidary after calrite. 
Th« crj'staUine textui-o may also bo socondftrv, 
due to tiio crystidlization of dokuuilo aft«r 
limostoue, but tho evoss-luidding and the size 
of the. fossil fragments *how that the originiJ 
sethment was of relatively nitiTuuoous and 
poroTis character ("calcarenilo'*) in com- 
parison mih tho (lonse lu-jj^illiieeoua Unieslones 
("calcilutitos"), which may Iw) nptly ttn-nuid 
couso2idat*Ml impine limestone mutls. The 
distribution of dolomilo has no relation to de- 
{^rce of folding, to any kind of frnctuiiug, or to 
ore d*iposilion. An apparent exception may 
ho tho oceurroncxt of veins and imju'ej^^mitious 
of white to pink (iolomite spar, but timso i:rc 
distinct from the doUuuite beds, ;irc Uniited to 
the zone of mineralization, aro feuud in dolo- 
niitcs a7id oi^ilhico«nis limeatoues alike, inui 
arc clearly of later origin and contrmpovaneous 
with tho oro deposits. Tho fact that a cor- 
laiu beil of (ho sediment ;uy formations is 
dohunltc has >:o bearhip; on tlio occunvnco of 
ore. Some of tlm dolomite, whoro nttackoil 
by ore-forniinfj solutions in faviuably (issUj"ed 
portions, ha« Iweu replaced b}' ore, but tho 
bed that contains ore hi one mine may bo 
baiTon in another. 

Dolomitizatlon evidcntl}' took placo Iwfore 
folding and (issuring and nniy luivo extended 
through (in Indefiiiito period from tho time of 
deposition of llio original limestone Lo the time 
of intense folding. The process ovideutiy con- 
sisted of tho submaritio leaching of^calcimii 



92 



GEOLOOY AND ORE DEPOSITS OF TIN-TTC MIKIXG DISTtUOT, UTAH. 



CHi-bonato prior to consolklution, or of the 
replacement of the more i>ennoablc limostone 



miois^os, scliisLs, slfttes, fttid quartzitcs, iind dis- 



solved inatcrinU supplied from them to tbe 
bc'ris on thosoahoUom by mai^nesiii salty fiis- | Cambrian sea must tberefofe have been relfl- 
solved in the son waU^r, or perhaps of both, tivcly high in magnesia. At t-he same Uma 
Tlio problem of dolonutization bus been re- marine animals ^ wore- to some extent depleting 
cently iovicwed by vStoidUnann/ who cites (he sea water of dissolved cidciuni, tluis render- I 

■ ' ' iuEc eonditions still rnoro favorable for dolo- 



lIop:bu?n's studies," wliioh proved tbafc cal- 
cium carbnniite may bo rapidly leached and 
any small ninomU of miiK'^'^^"'"! carbonate 
relatively concentrated. Stoidtmann further 
points out that continual depiction of the cal- 
cium content of sea water by marine organisms 
tends to make si>lid (uh-eady deposited) cal- 
cium eurbonato more out of equilibrium with 
sea water tlnin magnesium cai'bomite, with the 
result that the dcposil^d calcium carbonat-e 



mitization. The more porous deposits on Uie 
sea bottom were permeated by the sea water, 
with its dissolved magnesian salts, and replace- 
ment or doloniJtizalion was gradnally accom- 
plished, but the impervious beds of limestone 
mud were not appreciably affected and rotaii'ied 
their original composition. Aa these beds, 
whei-e intorbcdded with dolomite, are not thick 
or continuous over extensive areas, they did 



■tends Uj rcHis-^olve and tlie magnesium car- not form barriers to prevent tho circulation of 
boTiate to bei^ome proijortionatcly conceit- water in underlving porous strata, and tiie'pro- 
trated. ITe adds that if river watcra of early' cess of dolomitization may have continued. 



Paleozoic time, by drainiiig prc-Cambrian 
binds compoHijd chiody of granites and other 
rocks in whJch tho ratio of magnesia to lime is 
relatively high, brouglit a much smaller propor- 
tion of calcium carbonate iuto the sea than is 
brought to-day tho leaching uf calcium car- 
bonate by sea water must liave been intensi- 
iied. In regard to the replacement of calcium 
by magiic-siuiu in the son, be cites articles by 
J. D. Dana, Dnuiuer, Skcats, and Juud, all 
clearly showing a rt^pUieomenl. of tlie caiciuni in 
coral reofs by varying amounts oi magne^sium, 
and points out that the state in wliicli the ca.[- 
cluni exists, us well as tl»o eomposition of the 



during a long interval of time, approaeh.mg 
nearer to completion than wovdd have been 
possible if the impervious beds had been tliicker 
and more extensive. It is noteworthy in this 
connection that the Ajax limcstotic, lying just 
below the argillaceous Opohonga limestone, is 
less dolomitic than the formations below it, 
which are not. interrupted by any extensive 
impervnous straUi. Analysis of ft specinjen 
from a coarse-grained bed near the top of the 
Ajax gave 52.3'l pei- cent CaO and oidy 0.60 
per cent MgO. 

During the pre-M.ississipj>iari hind intervals 
percolating gi-ound watei-s vnay have con- 



stMi water, may influcnoo tlio degi'oe of change. I tributcd to the process ol" dolonntiiiation, but 
Thus calcium carbonate, if cj^staUizcd as the tliere is at present no evidetice, positive or 
loss stable aragonite, wliich largely constitutes negative, on this point, 

coral secretions, may be more easily rcplaccil The early Mississippian strata, those of the 

*tban if crystalliztfd aa the more stable form Gardner dolomite, were doubtless derived to 

caicite. Again if the aca water ls relatively some extent from the doloniitixed Cambrian 

high in miignesium sidl-s (cUoritle, sulphate, or and Ordo\dcian formations and may, to some 

extent, repraseut. conaolidnted dolomitic sand; 



earbonate), tlie conditions will be more favor- 
able to i-cplacement of e;dciuixi carbouato by 
magnesium, wliich will augment the leacliing of 
ealeiimi already niPUtioneil. 

In the Tintic <listrict iVoni eai'ly Jliddle Cam- 
brian until at least tho entl of Ordo\iciaii time 
limestones were being deposited, while sand- 
stnnes and shsiles were funning nearer the shore 
lino on tlie east. T\\c rorks that furnished 
the sediments were pre-Canibrian grnniteii, 

• Sti^Alliiiiinn, EawaiJ, Tlui (iTr4riLli.iii o[ ltii:r>Iuiiti urwl iIiiIoiikKi: 
Jour, Hwliiiy, Vol. 19, pp. I5;~3.t, I'KI. 

■HOflxnn, A. a., UotKT nol'imUMIiluux iiud db brulUdiitia iwulltar< 
tuiwnm.' Noiitt Jnhrli., IMH, Ltond 1, pp. an3-374. 



but in general they show the same relations 
between texture and composition as the 
Cand^rian beds, and dolomitic composition 
therefore seems to be for the most (>art a sec- 
ondary rather than a primary^ character. 
Fossils are la»-ger and more conspicuous in 
tliese beds, and marine hfe may have Imd a 
conespondingly greater influence in promoting 

» C^niLvlAii (os.iiU. i)Uiotii;b Ham In tJi* Tiiillc dbUHul., or« tiumerQua 
in III' Lluu« Rtui«i: itfiti Iib'-lumiUi Kwk R-'itioiii. Theit ;o,ivtty in 
lb>.'Thl»ir (listrlii:tIlvi>-iircUhonllnbuti;d I'J OlilHyiaiioH by tbodcv-uloj^. 
uicoi or uoiin]ire*^D douvnipi md by Uio RcryutJiUUullou Uinl ntvoui- 
|>anlo(l dolofiUUxaiJaii. 



sTumrKK. 
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dnloimliznthnv Ihnn it <li<l in Caniluian liiiio. 
The [H'oncMco of tiio ci(ara<!-i^r:iiiio<l tu'rimngni'- | 
sion tw-ds in tlic Pino Cunyun liim^iliMu^ nuiy | 
nppear too frrcut an oxfeptuni fu pr-i^e llw 
rnle: tlicst? beds, however, not only jilliTiuitt' 
"witli dense itui>ure beds bnl aiv nvedain by i 
tlie Huuibu;:^ formation, whieh '\^ (:onip(vv><l ! 
largely of dense (iii^illaeeouri liuti-slone ai.d 
shule and wlticU where entire is Ironi .'(.IIOO Ut 
6,000 feel or nmre thick. Their noinna;.;ni'siiui 
oh:inu'tei% tln'refore, ae.eords wiih ihe liynotlu?- 
sii! offered. Ii m quite possible llint this 
tiiiek and extensive t'orniation was snlllrienl to 
cnt off submarine ciniihitinn befiue the uuder- 
lyiiig porous beds could bo appreciably doUimi- 
tized. If it- was, the clolorniti'/.afi<in, a^ already 
suggested, was a slow process, etle-ited by the 
circulation of sea water through porous eaUiiire- 
ous sediments, and contitiued to ooniploliun 
only when submftrine circulation wns not 
stopped by deposition of material that made 
a thick and oxtcuaive iicpervioiLS formation. 

Since the- foregoing discussion was \\Titten 
BlackT-velder ' has suggested that the origin 
of the- Djgjiorri dolomite may be duo to the 
influence of calcareous algae, A-s there ore 
aoino points of resemblance between the Big- 
horn dolomite and the dolomites of the Tintie 
district, Bbickweltlers hy[)o(.heiiis may apply 
to a greater or less extent here nud supplement 
the explanation niready olTered. 

aeiiiriTiZATK'S .Kiir> otiieij changes -uiiaLvc foloi.vc;. 

The Cambrian shalo or slate contains a 
conspicuous quuntity of fine niiea of scrieitjc 
appeflriinee. 'JTius may be an originnl con- 
stituent derived frtnn eroded pro-Cambrian 
«cbi.sts and gncisaes, but the origin;d Htnicture 
and texture of the roclt at Tintie are so thor- 
ciiglily obliterated by slaty cleavage and 
perhaps by reerystaUization that the presence 
of original mica can not be readily proved. 
The mica scales now present are arranged 
parallel U) the slaty cleavage — ^undoubtedly 
a secondary position; but whether they are 
the original fine mica, rearranged or are of 
inetmiiorplii<' origin, derived by the recrys- 
talli'/.ation of impure clay, can not be deter- 
mined. In all probability both po.ssibilities 
have in part been realized. This secondflr>- 

> niockw^Ww, Eliiit, Ori^^t of 'J» IH(,-Soni (toIoaUl*: C^ot &n*. 
Amnhi-A Bull., vol. W.pp. "p7-<iii, io;a: \ fully o\p£<sBdrpalofo«Icai»o«u 
mitcati il) in tb« \.'i>lill<< I'Aitil.rlan or llw Ttiloa Uountalni: Am. tour. 
Bci., 4tli sur., vol. 3U, pp. IHf'~t-*.'i, ISIA 



sf.rieiiic mien in the slate, as well as along 
sliekensidcd scams in the adjacent i|uartzite, is 
distinct in origin and significance from the 
serii'itc so extensively devek)ped in the igneous 
rocks and hcai-s no rt-lation to ore deposition. 
The slate contains more mica than any otlic^r 
roi'k in the district, bti(, owing (o its inipcr- 
vidus ciun-acler and the general absence in it 
of strong, continuous fissures, i! is the most 
unlikely i>f all tlie rtwks to contain bodies of 
ore m the 'Hnlic district. In iho Knst Tintie 
district., Iniwover, theso same features, together 
with the nearly horizonlal fHjsition of the 
strata, have served to concfuitrutc ore minerals 
along the base of the shale. aikI where strtvng 
llssurcs cro.^ the shalo its K-ss iin;wrvious IhhIs 
and intercalated Umc;*touo leiiscs niay be cun-* 
siderably replaced. 

Fine graijis of pjT-ite in small (luanlity v\ny 
he pivsent in thcsiiale in the Tintie district, but 
these nuiy have crysta-Uized during or at the 
end of the p>eriod of folding and nniy have been 
derived Iroin iron sulpliide originally jiresoiit 
in lUo rock rather than from infiltration of the 
ore-forniing solutions. Tliese products of rc- 
crystiiUizfttion in tlic oasUy yielding slalo during 
folding are iiot tluphcated to any extent in the 
re-sistant uuartzite, limestono, ur dolomite, 
whicli instead uudei'went fractiuing, shattei'ing, 
and to some extent recemontation of fractures 
by lilms of qimrtz, calcite, or dolomite, t^ututz 
is tin? chief fracf'oie filling in the tpnirtzite, 
and the ou-bonates in the bracstone and dolo- 
mite, but some fractures iu the latter ro<ks, 
especially where silicified fossils and , chert 
lenses arc present, arc filled with thin films 
of silica. 

I'HliVnLCASir Wfc.MTIKRf'IU. 

The contl^cts between the effusive vock.^ and 
tho sedimentary rocks sliow conchk^ivcly that 
tlio prevolcanie auiface in the Tintie district 
was characterized by mountainous slopes aa 
steep aa those of to-day, if not steeper. Such a 
topography implies weathering to a pronount^ed 
dv^ee, involving solution along certain lime- 
stone fractures, the development of cavi*, and 
tho accumulation of kaolin with any other in- 
soluble matoriuls fi-om tho less pure- beds. Ka- 
olin of such origin may have accumulated es- 
)>cciakly along fault fis.sures, wherftcrushwt and 
sbatiored limestone could most easily be re- 
moved by dowjiward-cireulatiug waters, mid 
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volf'.nnic wcathwinf^, anij ihern is no mcjiris of 
distinguishing hcUwcon tlic twu. Tinifl, where 
a. Ortvc is fouml, it can not iKi di'terniini^d 



the kuoliii deposits, having nwuiiiiilatcd, muy : huadcs!. None of i(s niinftvals c.nn be identified 
latur hnvescrvcd as biimers to (iiccirriiliition of ! without the ndcnwcopL\ ]ii thin sct-t ions the 
ore-forming solutions, thus accountinj^ for ore | principal niinornls, imniod in the ortk'r of nbun-- 
iKidics that end abruptly ngainstfissun's of pre- I dmirc, iire vory Hno iuusro\ntc'i (scr-.cif.'), chlo- 
minorftl age. The efTectsof i>revok-.anic wciith- rito (permino), qujirt-/, zoisito, and nuignptite. 
orifigHrcnodifforpntiu kind from those of post- Tlio mustwrilc and (Idoritp foiTn a miit more or 

less intoTTUpted I>y Unojir rt^jiregritcs of quartz, 
wiiich ttppcur to prosr.rvo t.ht! original sodimcn-- 
Ury airui-turc. Zoisilo is irregularly di^ti'ih- 
wKuthcr tfio oiyti vrns formed wlmlly before or uled in single hyptiutomorphic ovysUds n?id in 
sincn tbo volcttiiic period, nr parlly iioforo mid divei'ginff iiggi*t\|^ntes minced vith qiiiirfa. The 
piirtly sinco. Kfialin-fiilpd fissun^i iij)pon.r Uiw niagiK^.titcformssmtillgTixiuiiscrttten'd ilii*nugh- 
stimft, whether iJipy worn ihwclojiiKj bi>forn or out thp snclion, but more ubundiuit nt^ar mikI in 
after liir. volrntiic period or piirf.ly butli. -VJ- , Iho /•.oisUe-qurtrtz areas. These minerals show 
though the dppfr^it'* of tlic two puriods of wenlh- I the rock to be high io SiO, and AljO., and to con- 
cviiig citti not be (!istir)gui.sbeil, thoir existence | tain oonsidorablo MgO, CaO, ami K-/> and a 
shoidd bo borno in nii:ul in underground work, small pomenlngo of iron oxides. Tliis coiv.po- 
whore. in cm>c an ore bitdy ends nbruptly Hgainst sition is near that of ;i limy shale or shaly linie- 
e kaolini/.od or h tight (isaure, it is necessary to stono. MetfiTnorpliism eauscd tbe expulsion of 
(WccrtAirt whether the ore has b<^en merely ofTsot carbon dioxide from the calcite originally prcs- 
hy (I hite fjiult or has boon stopped by an oldor I ent, the litiie being left to unito with alumina 
imperv:ou-s break. The iinporvionsncss of anil silica iti the sediment and wiOi water from 
some bi-enkg may bo due to the eftrlioT nceuniu- ! iiie magma to form xoisito. There is nothing 
hition of ki\oIin; that of others may Vie due to which definit-ely indicates the addition of «ny 

material from the magrnn bcsidris water. T'ae 



priiniineral faulting whinli has iirought an easily 
rnphiooiiblo bed of limestono oppositi? a rela- 
tively iionrepluecnblo bed. 

ALTERATION DURING AST* IKMEDIATELY AFTER 

VOLCANIC ACTirniy. 

iUterution tluring vole.nuie activity is ex- 
pressed ill the sedimentary rocks, and perhaps 
1<.» 11 slight extent in the volcanic rocke, by 
contact motamorphism, and in tbo volcncie, 
rocks by widespread hydi-otherraal deposition. 

Contact metamorphism ia practically oon- 
finwl to tiio aoiiimeiitary roekti, especially the 
liniestoncx. The only suggestion of it in ignoovw 
nicks crimes froni tl:e presence of soino micro- 
scopic colorkv^s garnets in altonfl latite near the 
Dragon iron mine, but these may be of primary 
origin. 

'■()NT.V*.T VIlTASaonl'llISM OF QU.VlJT/.lfK And S|1.\LG. 

A quartaite inclusion in the monaomt-esouth- 



oidorite may be an alteration of metamorp;uc 
biotite, but it is so iine grained that it^i origin 
con not be defiiutcly determined. 

CONTACT MKTAM0H:'HI.S?: 0>- LIUCSTONK A\t) DOLOMITB. 

The principal body of contrtot-metamorphic 
rock is in the limestone formationy along the 
northeast cont-jict of the monzonite. It ex- 
tends continuously from Mammoth aouthenst- 
ward to the Dragon iron mine and thence 
northeastward, disappearing beiicrtth the effu- 
sive rocks beyoml the Cnrlsa stock of nionzo- 
nifo. It-s northern bountbiry Jw not siiarply 
•lefiiie-d but as a whole follows ii creseont- 
sbaped com-se e^ncnvo to the north. Bosides^ 
this main body, there are within the monzomtft 
fi number of large inclusions which, to judge 
from recent exposures in tunnels and i-ftil- 
road cuts, iire inueli more numerous tlnui the 



eiiat of the Mammotli switchback was fouiirl Ui ' obsem^e, disintegrated outcrops would indicate^ 



cnnttiin iv few cryst-tiU of garnet (probably al- 
ma udite) along a ijcddingplnno. ShileorshK-ly 
limestone is rejjresejited by a few inclusions 
resetiibliiig hornfols, one 20U feet soutliwest of 
the K!>binson triangulation station iind otheis 
(represented as <mc on tlie map) on the next 



The outcrops as a wliolo are so much weath- 
ered and any faulting in them is 30 completely 
obscured thiit no serious uttenipt was made to 
study the Dietamorphism of individual beds of 
limestone or dolomite. The western part of 
the main body, if the original thickness of the 
spur ti> the southeast. This rock is nearly rocks was maintained, includes the lower part 
black, fine grained to thMise, and obscurely , of the Opohonga hniestone and all of the Ajojc 



t 



b'nu (TLruK. 



95 



limeslorif" jiM(l Opcx dolomiti-: ihc Ian;*' inclu- 
sions nnithcLtst o( the Kohiuiion LriiHii^iildl ion 
slatiun cithoi* ropresont sunken bloi-tc^^ of tho 
santc fmniiiliun or tire ivmnanU '>f ihf. Colo 
CunviHi r.nd lilucbinl tloloniiLfs and possibly 
ono or two sllll lower limeylont'^i. 

Tht^ 4nel amorphic elTccIs i>t« lifiienilly iu\i- 
foriii ill thr incliiyiuns an<I close lo thi^ main 
uonttwl (iiiil rliminisli in intensity as distmior 
frnni t!io eontiict, inerousfs. T'vvidetiee of iri- 
tcnso me.laniorpliism is limited lo rocks wilhiii 
400 ov 500 feet from tbo conlao-t, bul rocks 
slif^htl)' nlFeeliH! may ho foun<l as much as 
1,000 to 2,000 feet from any exposed coiitnet. 
Till? most intensely mctaniorpLose.d rarie.Ly is 
a (lurk-gray, brown-wfiitbering dense roek, 
thorouglily crisscrossed by white halrUke voui- 
lets of culcit-c and it white microscopic lihrous 
or platv niijteral having the properties ami 
cocnposillon of tridymilc, A tliin section o! 
an inolnsion iii the tuiinel just norlli of l-he 
Robinson triaiii^iiJalion t^tution shows the prin- 
cipal minornU to be enstutite and spinel, with 
a tf^w small grains of garnet and miignetitc* 
intci-sLifcinl cnlcito, and voiniets of trid^anite 
and culciLc in varying amounts. The enalii- 
tite, which was determined by it3 optical char- 
acter, forms a few liypautomorrihie crystals, 
about I miUimctor long, partly surrounded by 
crtlcito, but it occurs mostly in a largo UTi^ular 
crystal that serves as a poikibtic gronndmass 
for the spinel, wamot, and magnetite. The 
spinel is pule green, to rather dark green imd 
shows two imperfect cleavages at right angles. 
Some grains are isolated and appi-oach octa- 
hedral and possibly dotlecahedral outlines ; but 
most of them form irregular aggregates intcr- 
gro\m with a Utfclc rangiietite. Their color is 
that of tho ple(*ti\ast<3 or hepcynito Tftrioties. 
Tlie spinel in slightly altered to a fine dustlike 
matonel resembli-ng kaolin and is Iwrdered in 
the oUcrctl phices by small fibers that show a 
strong bircfrin'g'cncc resembling that of c^vlcitc. 
Gajnet is limited io u few very small yellowish- 
brown dodecahwirons of strong relief, most of 
them 0.03 miiliraeter. more or less, in dinmcter. 
Magnetite is practically Umited to the iuter- 
grow(li3 in spinel. Where the spinel is all 
Weathered to kaolin (?) the magnetite appeal^ 
nearly or quit*^ unaffected. The veinlet^ con- 
siist mostly of hiterlot.-king aggregates of a line 
pluty mineral composed of silica and posscssnig 
a very weak birefringence characteristic of tri- 



dymiuv In some phu-es this miner-.d fornis the 
wholrt veinlet; in olliei-s it is nre^nnpauied by 
an increasing amount of ralcite. This moile of 
oce-urrenco is very unn-^ual for trithinit(s Less 
commonly the ealciie (ills tho whole veinlet. 
The kaojin is developed mostly along the edges 
of \'einlets nn<l to some e.vlent around spinel 
boundaries in enstatite. This roek so far as 
its position in tlic Qeld indicates muy reprtwent 
any of tlto strata from the iiluobird dolomite 
up U) the Opex dolomite, 

A second specimen, taken within 100 feet of 
the cuntnct. at Diamond Pa^^s, is of the same 
type hot- altered —the pyi'oxeue- to serpentine 
and 11 little calcite, and any spinel to yoUowish- 
brown hmonite. stains. 

Outerops along the contact northwestward 
from the Black Jack iron mino iiro character- 
ized by II. dark-gray rock composed almost en- 
tux'ly of eoii.i-:iely erystaliiiiol ealcite incU)!*Lng 
black octahe.di"ons of spinel, few if any of 
wiiich nrc over I millimeter in diameter. The 
roek is cut by mijiute veinlets of ealcile. Ju 
the tiiiu section studied one largo crystal of 
cttleitc with mulliplo twinning forms a poikili- 
tie grounrlmass inclosing sp-.nel. The spineJ 
forms irregular lo octahedrid gnnos iw much as 
1 millimeter in diameter ami makes u]> about 
50 per rent of the volume of the rock. Its 
color, yellowish brown in some lurger grains and 
green iu the othei-s, suggests either the picotile, 
liorcynite, or pleonaste varieties. The position 
of this rock typo iu the field suggests that it is a 
metamorpbic derivative of some of t;ie upper 
beds of the Opex dolorail-e. 

G'lruet, though scarce iu the metaiiiorphic 
rocks as a ride, forms local buuclies, only one 
of which, in Ibc railroad cut close by I'liited 
States mineral monument No. 4, nortbwe^^t of 
the Dragon iron mine, was seen. The gurncl^ 
here is andradite. It is largely massive and 
nearly pure and also forms a few ratlier well 
formed crystals embedded in calcitv, Tlie out- 
crop was so completely surrounded by kaoiJn- 
iw.d debris that no structural features could bo 
studied. The jjo-'^ition of the garnet roeU, like 
flmt of the spinel-calcilt) rook last dcserihed, 
is equivalent either to that of tho upper l>eds of 
the Ope.N dolomito or to that of tho lower beds 
of tho Aja.v limestone. Garnet and wollas- 
tonite have been reported from the meta- 
morpbic hmcslono around the North Star mine, 
nppro.ximately at the estimated boundary be- 
tween tho Ajax and Opohonga hmestones. 
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A lr*i pcvcro degree of metinnorpliisin is 
markeil \,y recrj'^toUization of i!»o t-alcilo or 
cl-.loiniU) nnd d^-struclioii of iho ehuracterlsli*'- 
siirfiic^ nprn-arance of ilio rtw.k. One speoinicn 
of thii Opolio:ii,'a liincrilonc, Ukcii nboul SW) 
feet norllu'iist of Diurnoiirl Pu-ss uud ^00 fi'et 
sf,> 
s( 

fjOW 



surfac4^ Farther from the contact the rock 
is rccryslaliizcd lo ii tine-grained gnijash- 
wlulc rock, and variations in color liuve 
disappeared; but the characteristic alterntilion 
of color graduidly appcam a.s di-staace from 
Uio* contact, increases. The effects of mota- 
wmfi'i'ofVlip spur cre^t, is nf li^hl-^ray coI.>r, laoqjhism along the iiorthwc-st yido of the 
:ilri[«'d oidy where wvutlierinj; hns left fine Mock disappear within .iUU or 400 feet of the- 
powder^' inateritil along the moie sohilik lay- contact. This very narrow zone Is In strong 
ms. In tlnn section Uic rock cfMisisls riijuiily i contrast to the imicli greater area of meta- 
ol calcile, rcialivcly coarse ;iniineil (().2"i to 0.5 ' morpliism. south of the stock, which extends 
millimeter hi diaianfcr) nnd jMire in soniu layers far ci\ough to connect with a nietiuaorphic 
Hnd rclalively fine ^laim-d smd crvwdtxl wilii band along the main mouzonilo mass. This 

lUslributiou of metamorphic o("ecls) together 
with the aJigument of the two uionzoiute 
bodies, and the i>resciU'o of several di^vos of 



minute crv-slais of dio|>sidc and jjossjhly of mii-a 
in otiicrw. A very few minnlo grains of pyritc 
idlcrcd 111 linioniti^ arc presfut, and a little 
rtdilitionid hrnnnifc lilis short cracks. A little 
clinKJin^', like that of kuolin, appcarri in onf* pari 
of the sccd'in and is arranj^i-d in n network 
along minute reticidatcd ciJicks which sprund 
fioni a plactt wlicro clouding is slrongpst, aug- 
grs(itig an inRltratiim rather I Iian a residue 
li'fl by wcallicring. 'V\w same limestone fur- 
ther north, closij by United States ndrteral 
ini»nurin>nt No. 1 and fai'thcr fitmi tlie contrtct, 
is n'cryHtaili/.ed into n very fine graiiKid to dense 
rock, "f light^gray to pidc-yeliowisli or buff 
color. The char'aclei-istic biindiiig is wliolly 
ol>M(^iircd at. this place but gradu»lly uppcars as 
diptance from the contaet inc.rea.ses. The dense 
pray nx-.k biia a high conlont of imigncsia, but 
it is not certain whether the !ii])ecinien tested 
was taken from an originally dolomitic bed or 
not. In thin section thie carbonalc grains 
make up the eattre rock with the exception of a 
few minute limunile grains which appear to be 
pstnidomoi'jihs after ])yrile crystals. No niin- 
eriil eoniaining alumina, was nofed, and any of 
tlieehiy of tlic original rock must be uniformly 
scallered and hitldeu in tlie carbonate grains. 



mouzonitc porphyiy in the IronlJlossoin No. i 
mine, is a strong indication.. H3 stated on iJiigu-s 
.")9 and 61, that the monzonitos are connected 
at no great depth. 

The sUieificd outcrops east of tho Black 
Jack iron mine have not been mentioned in 
this discussion of the metaniorphic rocks, 
because tho silicified rock, although within 
the raetiunorpluc area, bears no defmite rela- 
tion to the contact luul is beiievcd to have 
been formed later, during tho veia-forming 
stage. A thin section of this rock shows it to 
consist of fine cherty silica with a little inter-. 
grown. pjTitc and ealcitc. Some of the out- 
crops consist of a silicifted brocclrt and appeal' 
to represent the cherty Ajax liniestouc, iu 
which the chert lenses have been broken but 
not replaced, whUe the eidcite and dolomite 
have suffered neai'ly c<^>mpleto replacement. 
Some of the silicifio<l rock lies puraUeJ to the 
bedding, and some appears to have leplaced 
the limestone along fissures. Tho relations 
are not very clear, owing U> tho great amount 



of di^bris, which tends to isolate tho silicified 
Kcrrx'sliiUi/A'dearhonatewif.h novisil>loaijicates ledges; but in their atructure, so fur a*; (ix- 
oi'cui-s jUso ill flu- beds. of coai-se-graiiu-d lime- posed, and their comi)oaition tlicy are more in 
alone or dolouiilo ftmnd in the workings of the fieeordance with the later vein 'deposiUs than 
Lower MtimmolU and the Dragon iron iniue and with the carher contact-mot amorphic products. 
along the railroad cut northeast of the Dragon I Owing to the impossibilily of a doCinito 
opeucut. correlation of the muttimori>hic with tho 

Malamorphism fuound Iho subsidiary mon- [unaltered beds, no chemicai analysts of the 
Konite stock at Sionx Pa.<s w of the smne ohm'- ] rocks have been ma<1o, but it is thought that 
tw'tcr lus jiJong tho mahi moiizonito body. ] rough calculations of composition Vui bo 
Tho suiTounding rock in this locality Ls tho snfficient to give a general idea of the changes 
-UlucbcU dolomite. Close to the contnct. U\e involved. 

dulomiln is ciianged t*i tlie i>yro.\pne-spinel To summarize the evidence of CK)ntact 
rock, colored ptdo brownish on tlw. weathered ■ metamorphism, the rocks that have bcou 
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severely nfPectcd are for the most part dolo- 
mites or dolomitic limestones. The darker 
rock>{ (svD pp. 2S-34) when dissolved in hydro- 
cldoric acid have a small gray to bliick residuo 
of chiy, quiirtz, and orgiiuic matter; the lighter 
ones louvc little or no residue. The followiTig 
partinj analysis of rock frora one of the doi'Iccr 
beds in the Cole Canyon dolomite, which ia 
t^j'pical oi the darker dolomites in generid, 
ig quoted from the earlier report': "SiO., 
S.77; FcA, 0.49: MgO, 18.53; CflO, 27. 2^; 
CO., 41.77; total, 96.78 per cent." iUuiTiina 
and organic matter should apparently account 
for the remaining 3.22 per cent not recorded. 
The total impm'itics, therefore, amount t-o 
about 12 i>er cent, at least half of wliich. 
according to the luialysis aud to microacopio 
study, must be quartz. It requires only a 
rough calculation to show that neither the 
enstatite-spinel nor the apind-caleito rock cun 
be derived by simple reerystallization of such 
a dolomite with only 12 per cent of impurities. 
If the spiuol-enstatito rock is moderately 
estimated to consist of 60 per cent (volu- 
metric) cnstatito aud 30 per cent magnesia 
spinel, with no account taken of the small 
amounts of garnet aud magnetite, the alumina 
present will be auJTioient to represent about 
30 per cent kaolin in the original rock, and 
the silica will be suihcient to represent an 
additional S per cout of original quai'tz sand. 
In other words, ordy 60 per cent pure dolomite 
cooJd have been present in the original rock, 
and this amoiunt could not account for all the 
magnesia iu the metamorphic rock. Fm'ther- 
moro, it has been shown by quahtative tests 
thtt, although hods of shaly hmestone with a 
rather high alumina content are pi'eaent in 
the district, such beds are not dolomitic. It 
scorns, therefore, that silica and alumina have 
been introduced from the magma, though 
their relative proportions can not be estimated, 
whereas most of the calcite has been removed. 
If the gai'Det and magnetite were included in 
the estimate, they doubtless woidd indicate a 
small addition of iron oxide from the n>agma. 
The presence and arrangement of the tridy- 
mite-calcite veinlcts indicate that some shrink- 
age took place during metamorphism, leaving 
cracks wldch were filled by later additions of 
silica and calcite. 



» Tower, O. W.,ir., and 5D.iil!i, G. 0., op. cit., p. G23. 



The rougldv calculated composition of the 
spiuel-cftlcito rock also indicates an addition 
of alumina but gives a ratio of mngnesia to 
cfllcitc wliich could have been supplied by a 
dolomitic limestone. The ohsence of silica 
is iu marked contrnst to its presence in the 
spiuel-enstfttitc rock. The beds that were 
siiuply recryst^llizcd were evidently beyond 
the marked influence of any emanations of 
silica or alumina. 

TTlc general absence of metallic minerals is 
very strildng aud in marked contrnst to their 
prescncR in most bodiea of coutnct-metamor- 
phosed liraestonc and dolomite. The only 
exjilanution of this cx)ndition tJ\nt ciiu be 
offered is that as the mctauuirphlsm took 
place near the surface and bcueath a c^ver of 
volcanic rocks that were relatively pevmeablo 
to heat the greater ptu-t of the materials, 
including tlio metals, that esaipe*! from the 
miignui at this time rose to Iiighcr levels tlinn 
that represented by the present sinfuc^, 

ALTEBATIOH IN VOLCANIC ROOKS DTJRlWa VOLCAKIC 
ACTIVITY. 

If nil changes m the volcanic rocks are con- 
sidered, certain typea of alteration, such as the 
reciystnllization of brown liomblendo pheuo- 
crysts into augitc-magnetite-feldspar aggre- 
gates and the resorption of quartz and other 
phenocrvsts, took place m the effusive lavas 
before their consolidation. The recrystnlliza- 
tiou of augite into horublende ill the luonxo- 
nite nud the replticement of feldspai' by tourraa- 
line in the Swansea rhyohte arc evidently 
pncuniatnlytie changes that took place imme- 
diately after the consolidation of the respective 
rocks. Tlieso, however, are all microscopic 
features of interest cliiofly t^ the petrographer. 

Far more conspicuous is tho widespread de- 
velopment of sericite, chlorite, calciU^, and siUca 
(ijuartz, chalcedony, or opal) ni the volcanic 
roclcd. Practically all specimens coUect.cd con- 
tain these minerals, at least in microscopic 
amoimts, and many contain them m con- 
spicuous megascopic masses. These nuuerals 
are so \videspread that they can hardly be 
regarded as due sole!}'- to the solutions whicli 
deposited the ore bodies, although their 
origin appears closely related to that of tho 
ore bodies. For example, the handed rhyohte 
east of the Iron Blossom No. 3 mine contains a 
considerable percentageof chalcedony and opal, 
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period, but whcrons tlio widespread altonition 
of the effusive roclcs was due to escaping water 
and gases in relatively ymaU quantities and iu 
various dircetions aflor e-rtch eruption, the more 
intense alteration uecoiupanying the formation 
of the metiilliferous deposits was effected by 
solutions wliich wove concentrated at ii con- 
siderable depth during the consohdation of tho 
monzonite and which later ascended along cer- 
tain strong fii^sure zones. 

AITEBATION IMMEDIATELY FOLLOWtH'a THE CLOSE 
OF VOLCANIC ACTIVITY AND ACCOMPAHYIHO ORE 
DEPOSITION. 

Alteration along tho ore zones is common to 
igneous and sediment jiiy rocks, although the 
liraeslones and dolomitos have been by far the 
most fftvorablo of all for ore deposition. M- 
teration in the igneona rocks was most intense 
in and close to ore-bearing veins. Hero the 
roclvs, both monzonito and latite, were com- 
pletely replaced by ciuartz and pyritc, accom- 
panied in places by barite. Sericite is present, 
if at all, only in insignilicant amount. A very 
httle dolomite and cnlcitc have also been noted, 
either lining cax-ities (that is, later grow1,h than 
quartz) or in smoU outlying veins. Ore in the 
igneous rocks has been found only within these 
completely silioilied zones. The margins of 
these replacement reins pass giadually into 
quartz-sericite-pyrito rock, whose original tex- 
ture of monzonite or latite is distinctly pre- 
served but whose fi'Idspflj' and ferromaynesian 



especially along its flow lines, and the degree 
of siiicification seems, to be the same both near 
to and remot? from any ore bofhes. Tho 
Packard rhyolite tia-ougliout its extent also 
contaijis more or less secondary clialcedouy 
and opal lining small cavities and calcito in 
openings along flow lines as well as thi-oughout 
the rock. Tho intrusion of certain rhyolite 
dikes wtis accompanied by some silieificatioti 
of the adjacent Hmcstone. North of Eureka 
the maui body of ruekard rhyohto contains 
small poekets lined with heulandiLe. In one 
specimcu from the East Tintic district tridy- 
mite is scat.tercd tlirough the rock and also 
lines cavities. The latit^s and tuffs also coq- 
tain considerable opaline silica, which in some 
parts of the latite fills rather large cavities. 
In all the rocks the plagioclose feMspara are 
partly or completely altered to sericite with 
viirying amounts of caloit* and epidoto and 
the pyroxenes and to a less extent tlio bioiite 
arc more or less altered to chlorite and calcite. 
ExeeptiouuUy plagioclase zones havo been re- 
placed by chlorite. Araygdules in some of the 
latite flows are also filled with chalcedony 
{or opal), calcito, and chlorite iji vai-ying 
amounts. Microscopic pyi-ite is commoidy 
present witli mitieraJs replacing pjToxoues but 
is not conspicuous. 

These minenda aro characteristic of Iras in- 
tciLso propylilio iiJlerntion along tho margins of 
mincriihzed tissure zones and were doubtless 
to some extent deposited by tho veic-forniing I minerals have been replaced by quartz, sericito, 



solutions, bid theii- coneontration in amygduJcs 
and ulorig (low linen reniote froni strongly min- 
eralized llssurcs suggests that they are rathor 
tho effects of fura^u-olc action which extended 
tlu-oughout the volcamc period, the fiiniarole 
vapors and wutci's diffusing thi'ough tho newly 
consolidated Iftva beds along flow lines, shrink- 
age cracks, and any other openings. The same 
aeeondiiry minerals aro abundant in the intru- 
sivi'. bodies of Swansea rhyohto iind monzonite, 
but here they aro move closely associated with 
the metalhfoi'ous vein zones, and it thus becomes 
im[x>ssiblc lo draw any line between the fuma- 
rohc alt orations , which were goingon thi'oughout 
thevolcitnic period, and those accompanying tho 
dispositionof the metalliferous veins, which were 
formed aflor tho consohdation and fissuring of 
the monzonite, tho youngest of the important 
igneous rocks. It thei-efore seems reasonable 



and pyrite. Tho solution thus far was rich in 
silica and cont.iined enough potash to convert 
the feldspara into sericite, enough sulphur to 
change tho iron in feri*omagnesian sihcatcs and 
magnetite into pyrite, and enough other ingredi- 
ents, such as carbon dioxide, to dissolve out prac- 
tically all the mngnesia, lime, and soda of tho 
original rock. As distance from the main vein 
increases this quartz-sericitc-pji-ite rock 
(bleached whito on the weathered surface) 
passes into green or greenish-gray rock, in 
which feldspars and fcrromngnesiansiUcatus are 
only partly replaced by sericite, cliloritc, epi- 
dote, calcite, and a little pyi'ite. Silica, either 
as quartz or chalcedony, is also present but oa 
a rule is ineoDspicuous. The solution here fui*- 
nished water to effect the hydration of the 
original minerals, but there has been no con- 
spicuous removal or introduction of other mo- 



to consider both alterations as belonging to one tcrial, with the possible exception of potash in 
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tho Boricito, aad it is quite possible that somn 
if not most of tho soricite may bo ii aotla mien. 
There has, however, boon somo Irnnsfcronco of 
luutorial, as is shown by short vciiilcls of chlo- 
rite and ciilcile. 

Id tho dolomites and limeatones the moat in- 
tense ultonition hos been complete ro])l!\cettieat 
of the wall rock by qunrtx accompuiiicd tiy 
more or less barite and ore minerals. The 
pas-snge of the quartz into uuropluced rock 
is on the whole abrupt, nlthough not marked by 
Q sharp, alraiglit Une, Ncnr the mnrgins of 
the silicifierl bodies and also above them dolo- 
Qiitc and caleito "spar" nrc likely to be found. 
These two minerals are also present to a roiuor 
extent within the qutirtz bodies, whore they 
arc of distinctly hiter growth than tbc qunrtz. 
In somo of tho northern stopes of the Godiva 
and Iron Blossom ore zones, in the East Tintic 
Development vein, and in the North Tintic dis- 
trict dolomite and calcite are the principal 
gangup niincrala. ^Ul these occurrences arc 
comparatively remote from any Icnown impor- 
tant intrusive bodies. Carbonate veins may be 
found a considerable distance from the main 
pay-ore do[)osit3, and their distribution is in n 
we,y eomparablo to that of the leas intenaely 
altered (chloritized) igneous rock. They are 
characterized by dolomite in white to pale 
pink granular mnssea or in distinct rhombs 
where it linens pockets, and by cnlcite in coJuni- 
niir masses (travertine), or in long-pointed 
crystftls (scalenohedrons) where it lines open 
spaces. 

AITERATIOH I>lSTn»CTI.Y LATER THAK VOLCANIC AO- 
TiVITY. DUE TO COLD DO WN WARD-CIH CtXL ATINQ 
WATERS. 

Tho effect of dowiiword-c-u'culatijig meteoric 
waters sineo the ore-forming period hns been 
quite normal. In nomnineraHzod rock it bus 
been similar to the elTeets of prevolcanic 
weathering — decomposition, leaving a residue 
of kaolin and more or less iron and manguaess 
oxides, tho fonnntiou of new caves, and the 
possible enlargement of older eavea. In min- 
erahzed zones the acid solutions resulting from 
the decomposition of pyrite and other metiUhc 
minernls hnve hastened and increased the de- 
composition of noumetoUic minerals, leaving 
ultimate residues of kaolin and iron oxides, 
wliieh in some places have accunmlated in con- 
siderable masses. ITiis is especially true where, 



duriTig the erosion of overlying volcanic rocks, 
the decomposition products have been carried 
downiward and replaced the underlying lime- 
stones ordolonntcs along their contacts or along 
Hssurcin, thus producing what may bo termed 
"fnlsc gossans," for they are no indication of 
the existence of other types of ore near by. In 
some places, most notably at the Dragon iron 
mine, enough limonite hos collected in tliis 
mamicr to form a commercially important de- 
posit of iron ore. The details of tho process of 
concentration aro given clsewiiere (pp. 25S- 
261). Calcite may accompany tlic limonite and 
psilomelane of these '*fidse gossans," but it 
oocui-s cither as crust-s Lniug cavities nr us flat 
rhombs or disklike crystals, in contrast to the 
long pointed scaJenohedi-ons of calcite deposited 
by the vein - forming solutions. Flat rhombs 
perehed upon the sealonohedious have been 
seen in a few places. 

In tho main veins or channels of the igneous 
rocks downward-circuJating waters have been 
elfcctive down to gi'ouud-water level, or to 
depths ranging from 200 to more than 700 feet, 
leaving huiehed outcrops of limonite and iron- 
stainod quartz, followed by oxidized ore. It 
has not been learned how deep complete oxida- 
tion bus extended in the veiua of the igneous 
rocks, but according to amdyse^ invich primary 
ore still rcmaiuH above water level. 

In the deposits in hmestonc, where ground- 
water level ranges from flOO feet in the C;irisa to 
more than 2,000 feet (below the 1,800-foot 
level) in tlio Ontcnnial Eureka and to still 
greater depths in the Mammoth and Grand 
Central, oxidation is much more extensive, and 
some lai-go ore shoots have undergone extcnsivo ' 
0,'ddntion and enrichment down to Oieir lowest 
extremities. Tlie process of enrichment is con- 
aidere*l fully in Part III. 

STTSFICIAL F0BMATION8.) 

Mention has been made in preceding pages of 
the thick mantle of disintegrated rock material 
which covci-3 MO large a part of the Tintic aroa. 
'ITiis constitutes one of the most unfavorable 
conditions for geologic work and has often 
seriously interfered with the diseovory of tho 
indications of ore, yet the subject is one of 
interest and worthy of brief treatment in tliig 
place. These surficial formation.'? have been 

■ ThJ3«Mloit ii quoted substantKiIlr Iroiu tlic i!wUi>c report (Towor 
fi. W.,Ir.,aiKl SmJlli, G.O,, op.cil ,pp.6fC-GO0). 
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deposited in three differcDt ways and may tlicre- 
forc be clussed, with respect tn origin, as al- 
luvial, lacustrine, ftnd coUuvittl.' 

ALLUVIUM or TINTIC VALLEY. 

Tintic Vrtiley is bordered by aUuviaJ oones 
wliich extend down from every ravtno niid val- 
ley idong the wewtern edge t)f the Tintic Moun- 
tuina. These t-ones of strcnni-dcposited mule- 
rinl becoTric flutter aa they emerge from the 
inoutlis of the ravinesj and hero better deserve 
to be termed alluviid fans. The slopes nearer 
the vfjlcy axis arc gentle, allhougli the grade 
is sutricierit fni- the transportation of coarse 
miitorid. The exceptionally Inrge proportion 
of run-ofT, due to tiic frequent cloudbui'st-s in 
this ri'gion, gives to these occasional streams a 
grciitpr raptu'ity for transportation than might 
be oxpcetcd. The angularity of moat of the 
rock friifjiaenls found near tho midfUe of the 
\'nUey also aflVirds evidcnee as to the maunor of 
transportation. Tliclr journey from tho rock 
slope to tlie outer cdgo of the alluvial fan has 
been conipiufltivcly rapid, oud they have suf- 
fered less from tlte corrasion incident to trans- 
portation in a woll-defined stream channel. 

To a certjiiii cxtriit these allnvial faiu» iU"o 
being trcnrhed at present by deep arroyos, 
and this disscetioii affords opportimity for 
better exiiuuuation of the nlluviuni of the 
valley. The sti-ucturo is that ehnracteristic 
for such deposits — a stratification locally im- 
perfect but in general readily distinguished. 
Gnivel and coai-so sand ai-e in many places 
intorheddetl. The freshness of all this detrital 
tnaterini is notieeiible, for rock disintegrnt-ioii 
in the Tiiitic Mountains has been far in excess 
of rock decomposition. 

In several places the alluviid deposits extend 
far up into tho range, following the difl'oreut 
draiiingo linos, and their distribution is there- 
fore greater than can be represented on the 
geologic jnap. In smldjig n well near Homniis- 
viUc ijluviuni WHS found to a depth of 65 feet, 
consisting of interbeddcd gravel and claj', the 
latter i:L beds a few inches ui thickness. ./Vii- 
othcr well was sunk over 2o0 feet before btnl- 
i-ock was reached.- The alluvium filling the 

' The Ucra Miluvtol U iippU.>l i»y Merrill (Hodw, reck wiilhcriiig; 
iinrl xiiIk, p. 319, 1807) to dwpwtt* o! '.hfh nMuro ol tallw and cUU liArb, 
III u'hk'liKravUy Es iIm tnuniwrtlne it£cnt. 

' It b VCTf pi>»IMa Ihr,'. uCtMuiaeriilili: part ol !hb iniiter1nl,«iir«viit*lT 



valleys on the east side of the range is similar 
to that described above and does not require 
special mention. 

LAKE BONNKVILLE BEDS. 

Goshen VaJley ts about 1 ,000 feet lower thtin 
Tuitie Volley and is covered by deposits of a 
different character. The Pleistocene lake 
which covered the eastern part of tho Great 
liosin c\t<mdcd into this valley, and the fine 
material now covering the. surface was de- 
posited from the waters of Lake Boanevilie. 
Tho alluvium, which doubtless covered tho 
lower valley m |ire-Ronne-villo time as it yet 
covers Tintic \''nlley, has been InddeJi from. 
view by lacustrine deposits, which ore finer 
grained and more evenly distributed. 

The. BojincviUe shore Ihio, which marks the 
highest water level, is well preserved ut the 
head of Goshen Valley, at an elevation a few 
f(tet above tho 5,100-foot contour. 'Die ter- 
race here is mostly cut in the alluviaj material 
extending down from the small i-avines which 
indent the mountain slope. As can be seen 
by rofercnce to the map of the BonueviUc 
Basin aecompanying Gilbert's jnonograpln,' 
this iiroa formed a part of Utah Bay, an almost 
landlocked arm of the lake, 'Hius thft Waves 
wliidi boat on this shore had but little fet<'-h 
and were le^s efficient, and the. shore line is 
not so deeply carved as at inoi-o exposed points, 
Uke the north end of the Oquirrb Mountains. 
Yet the teixaee marking the BonncviUe level 
is readily observed and is the more apparesnt 
because it forms the line of division between 
two types of topogi-aphy. Above, tho rock 
hiis been sculptured into bold outlines, which 
even tho siu-faeo accuinuJations of rock dc- 
iTitus do not conceal; below, the lines ure 
snftcncd, and the gentle, smooth slope.3 of tho 
lacustrine deposits affortl a marked contrast 
oven with the aliuviid cones above. One intec- 
estuig fctiture in the Bonaevillo shore is a bur 
constructed across a reentrant angjlo in tlio 
shore, forming u nntural reservoir. 

Frtijit traces of other shore lines can be de- 
tected, but at the level at which the water 
stood during the Provo stage tho slope shows 
110 break such as might bo expected to indicate 
the Provo shoi-e line, which is so strongly 
marked at other localities. There is, however, 

iailb$rt,0. K., Duo Doiinorfllo: n.S.Gi!^l. Sluvov Mcq. 1,1K)0. 
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within thn limits of the Tiiitic quudrtuiglc a 
conspicuous topographip feature which is con- 
nected with the Provo shore line. Cin-rnnt 
Creek emerges from its canyon immediately 
east of the quadrangle, and from the mouth of 
this eauyoii there extends a large delta, ^\hich 
forms a noticoahlo interruption in the broad 
concftvc sweep at the head of Goshen Valley. 
The surface of this deltji lies just above tlie 
4,700-foot contour and thus approximates the 
level of the Provo shore hue. Below, the 
delta face has a steep slope to the valley bot- 
tom. Cun-ant Crock has now cut a deep 
chamiol in the old delta. 

When the water stood afc the Bonneville stas-e 
Currant Cieek ctm^'on was a naiTOW strait con- 
necting tlie water in Juab Valley with tht;t in 
Goshen Valley. With the fall of the lake level 
to the Pi'ovo stage there was a marlced change 
of conditions. Currant Creek began to drain 
Juflb Valley, having its point of discharge at 
the head of Goslien Valley. Here the delta was 
doubtless quickly built, and its upper surface 
nnay bo taken as indicating Cho Prove water 
level. Tlie uniform fineness of the material 
composing the Currant Creek delta is due prob- 
ably to the fact that all coai-ser sediments were 
deposited in the lakelike expanse of the stream 
in Juab Valley above the canyon. 

Sections of tlie wave-built ten-aces seen with- 
m the area show well-bedded sand, fino and 
well sorted. A few- beds of coarse gi-avel a few 
inches thick are interbedded witli the sand. 
These can be traeed upward to the talus at the 
base of the steep slope of hmestono and indi- 
cate alternation of conditions, the locally de- 
rived limestone fragments being deposited on 
the beach at some tiiues and the finer shore drift 
at othei-s. On the upper surfaces of the upper- 
most pebbles of these beds calcareous tufa has 
been deposited. 

Dunes of drifting sund occur along the west- 
ern edge of Goshen Valley east of the mouth of 
Pinyon Canyon. 

TALUS DEPOSITS. 

The group of talus deposits includes the rock 
detritus which occurs in the form of talus shdes 
and avalanche streams. This material is het- 
erogeneous and unstratified and owes it-s re- 
moval from the original rock mass primarily to 
the action of gravity. Creep, due to the action 
of frost and snow, may occm* in these talus 



slides, aiui on the steepest slopes avalanches of 
si\(»w iloiibtless have been effective in the trans- 
portation of the rock fragments to lower levels. 
Well-defined avalanche streams occur in some 
of the sharply cut V-shaped ravines, making the 
cross section resemble more the letter W, mth 
the central ridge considerably lower than the 
sides. Tliese rock streams have apparently 
not yet come to rest, to judge from their com- 
parative lack of vegetation. 

The mantle of talus material has accumu- 
lated to a great tliicloiess in many places on 
the slopes of the Tintic Mountains. Both in 
the hmestono areas and on the Iiills of monzo- 
nite prospect tunnels show tliis disintegi-ated 
rock to cover the solid rock to depths of 50 and 
even 100 feet. So compact is tlJs unconsoli- 
dated material that roof and walls remain stand- 
ing untimbered for many yeai^i in these de- 
sert*;d tumiels. In gulches where stream ero- 
sion has cut trendies in tlie debris the high 
angles at which the widls stand also show a 
considerable de-gree of cohesion in this material. 

The occurrence of such largo amounts of 
talus material is a pheuoinenon resulting from 
the chmatic conditions. Physical disintegra- 
tion of the rock mass is rapid on these barren 
slopes, exposed at this altitude to sudden and 
considerable clianges of teniperaturo. Tho 
amount of loose material tlius furnished is too 
great for the agents avuilablo for its transpor- 
tation. Accumulation has thus continued un- 
til on the lower slopes a balance is reached 
where the mantle has become in great part pro- 
tective. On the steepest slopes, however, 
gravity is effective in tlie removal of tlie rock 
fragments, and additions to the talus accumu- 
lations below still continue to be made. 

The cementation of tlie loose fragments and 
sand into such coherent masses is a process also 
connected with the aridity of the region. Chem- 
ical decomposition of tho products of weather- 
ing is slight. Sufficient water does not circu- 
late tlirough these deposits to thoroughly leach 
out the soluble parts of the rocks, and what 
water is present is without doubt a less active 
solvent than that charged with the hiunus 
acids, such as would be present were the region 
covered ^\^th vegetation. However, a certain 
amount of solution does take place, though the 
dissolved material may not be removed far. 
Capillarity brings such solutions to the surface, 
and on evaporation the salts in solution are 
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left near the surfftcc and hero act as a ceinoiit. 
This calcareous cement is readily noticed in 
many of the deposits of this nature and seoms 
a suiFicient explanation of their exceptional 
compactness. 

GEOLOGIC HISTOEY. 

The geologic history of the Tintio district is 
sharply diWdod into two groups of eveiits— 
(1) sedimentation, folding, and erosion; (2) 
volcnnism, Basin Range uplift, nad erosion. 
The begimiing of sedinicntatiou is not recorded, 
lis the biisc of the Tintic qunrt^ito is not ex- 
posed. The qiiartzite mny in part be of pre- 
Canihrian age, and in that case sedinientntion 
progrt'ssed ^\'it]l no apparent interruption into 
Ctinibrian time. An unconformity, however, 
ia Jcriown to exist at tlie base of the Cambrian 
in the Wusatch Mountains. The nnjforniity 
and g(!neral p;mty of the quartzite point to 
littoral maiine rather thiva continental sedi- 
mentation, According to Waleott ' the Cam- 
brian shore line receded eastward, and, as 
littond gave way to offshore eimditions, the 
deposition of sund wtis followed by that of 
finer sedijnent, forming the sho]c. 0^ving to 
the migration of the shove luie and perhaps 
also to imdidations of the Lower Cambrian 
laud surface, the age of the shale varies fi-om 
place to pl:ice. In Nevada f.nd weateni and 
central Utiih its lower part is Ix)wer Cambrian 
and its upper purt Middle Cambrian; in north- 
ern Utah it is all Middle Cambrian. Its age 
ill the Tintic district may correspond to either 
of these. The deposition of shale alternated 
.somewhat ^\'ith that of argilltxccons limestone 
and fiiuilly gave way to it as subsidence con- 
tinued. I'urther subsidence was mai-kcd by 
the acxiumulfttion of nearly SOO feet of argil- 
laceous hmcstonc, most of it <hstinctly sl^aly 
and some oolitic. Conditions then ehtuiged 
so as io permit the accumulation of enleimn 
carbonate, oom])osed mostly of shell remams 
and almost free from ai^gillaceous or sandy 
matter but accompanied by considerable or- 
ganic matter, which accounts for the present 
prevaUing dark colors of the rocks and also for 
tbo fetid odor so characteristic of most of 
them wbeu newly broken. The distinct though 
not prominent cross-bedding in these beds 
shows tbat although they wore too far removed 
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from shore to receive any conspicuous amount 
of clay, thev were nevertheless deposited in 
places shallow enough to be affected by wave 
action. 

These conditions continued diu-ing the depo- 
sition of the Bluebird and Cole Canyon dolo- 
mites, or to the end of Middle Cambrian time 
and probably during the early part of Upper 
Cambrian time. The shaly and cross-bedded 
members of the Opex dolomite, however, show 
that a ]>art of Upper Cambrian time was 
marked by oscillations of a shallow sea bottom. 
These oscillations culminated in a slight eniGr- 
gonce giving rise to erosion and the local 
deposition of conglonierate eaid quartzite, 
which mark the base of the Ordovician. 
The local unconformity thus produced tiiay 
account for the imich smaller thickness 
of Upper Cambrian strata hi the Tintic dis- 
i trict than in the House Range. 

The fii"st stage of Ordovician time was 
marked by subsidence and the deposition of 
I the relatively nonargUlaceous but siliceous 
] Ajax limestone, the silica of which was pre- 
sumably derived from sponge spicules and mi- 
croscopic shells and is now represented in con- 
centrated form by the lenses and nodiJes of 
chert. The deposition of siheeous limestone 
gradually gave way in early Ordovician time 
t<:i that of argillaceous limestone (the Opo- 
honga) and this was followed, stiU in early 
Ordovician time, by renewed deposition of non- 
argillaceous limestone (the Bluebell doloniite). 
Deposition of the last-mentioned type con- 
tinued with no apparent break through the 
remainder of the Ordovician period and pos- 
sibly mitil the Upper Devonian; bxit the thick- 
ness of strata laid do^\^^ in the Tintic region 
was niuch less than at other places in the 
State, and it is possible that most or all of the 
SUuriau and Lower Devonian are represented 
by a concealed unconformity. The Upper 
Devonian was marked by the deposition of 
shaly hniestone. 

At some time during late Devonian or early 
Mississippian time the newly formed sediments 
were elevated above sea level over a consid- 
erable part of Utah. 'ITiis uplift was followed 
by a period of erosion, sufficient m the Tintic 
district to remove the Devonian, possible Sdu- 
rian, and Upper Ordovician and in some other 
places to remove all the Ordovician and much 
of the Cambrian hinestonea. 
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Li eaiiy ^[ississippian timo this ftroii wns 
entirely submerged and covcrfd by a fcrcnl 
tbirkncss ol' sediments. In the Tiiilii- districi 
the earliest ifississippian setlimeuts <»nsisled 
of a SDir.U quantity of siliceous inatcrial (the 
Viotoriii quarlzite). derived eifhcv from some 
exposed ixirtioii ol the Camhrinn qua]t/.ito or 
possibly from nn Ordovician quiirt?.ito now 
ctmiplotoly removed by erosion. Tliis brief 
period of smidy deposition was followed l>y the 
Gnrdncr epoch, hi which nonnrgillnc<ious and 
org'illuceoxis li_mest<)ne were laid down iilter- 
uatcly, and the Pine Canyon epochs in wliicfi 
the deposition of siliceous and argillrtceous 
limestone alternated with that of renmrknbly 
purti calcium cai'bonate (chielly shell fraf:;- 
ments). The Pine Canyon epoch marked the 
fcranaition from early Mississippian (^ladisun) 
to late Mississippian time, wliicli wa.s chariicter- 
ized chiefly by alternating deposition of sandy, 
argillaceous, and cah^arcous beds (the Hwnibug 
formation). 

DoIomJlization and concentration of chert 
were going on in favorable strata during nU the 
periods of sedi mentation and probably also 
diii'ing the pre -Miss issippiftn land intervals. 

According to stratigraphic evidence in aretus 
north of the Tinlic district, scdimentivtioii con- 
tinued during late Mississippian and cftrly 
Pcnnsylvar.ian tinie until the intercalated 
scries o: Irmestone, shale, and sandstone, of 
wliich the Humbug fornmtion represents the 
bus ft 1 bedw, attained a thickness of at IcRSt 
5,000 to 6,000 feet,' and this was followed by 
the deposition of at least 8,000 feet of quartzifc 
(Bingham and Weber) in Pennsylvauian time,' 
An inten'uption of unkno'n'n thougli probably 
coDsiderablo duration and extent is marked by 
an unconformity at the top of the Weber 
quartzite, :n the northern Wasatch country, 
but this was followed in that region by renewed 
sedimentation from late Pennsylvunian to the 
end of ,rm*assic time. There are no data to 
show how far Trinssic and J«ra*iic depa'^its 
may have extended beyond their present 
western boundaries in the Wasatch country, 

' SpjTT, J. E., E3oi>:>mic neolcgy o! 'he Morctur iDJaiiif; dktrlGC, Utat); 
O. S. Ccol. 8iir\-cy Sixu-onth Ann. Rlti'. pL. 2, p. 377, ISM. 

' Baunoii.«. 8. F , and Kciili, .Sj-tbur, Kconomic gyolofiy ol tlic DIur- 
bnm ralnhiff dlslrlcl, tTlah; U. S. Cl-oI. Survey Prof. Piiper US, pp. 23, 
36, 19C5. Tho BUigham quftrUlU'' is <j.'-lliuatod to b* 8,000 to 10,IXM,1 rw. 
Uilck. The oom.wpoiidiiiE Wubcr qimrlJtlto in the Waaatcli MmmUUiM 
lias a maxlmRm ihiclai*!« of ^,000 to 6,0CO lix*., hut Its top, as Jiowii by 
EUtJt Bluckweldor (Nflw ligbt on the gpoJoEy ol tho WaaiUch Mouniulns, 
Otttli: Ornl.Soc. Americft Ball., Tol. 21, pp. ai-G33, ItHO), (snmrkca by 
wi unetmrorniity. 



but their thickncs.ses, there a^?*egRting 13,640 
feet, suggest that they may easily huvo e.\- 
tendod «s far southwest as ihoTintic district. 
If tbcy did, as much as 15,000 feet of lote 
Paleozoic and i[c?ozoic sixliments mny onco 
have overlain the rocks now exposed in tho 
Tintic district.' 

At. tho end of Jiu"assic time or in early Cr^ta- 
oeoua time, according to evidence throughout 
the CordiUeran provhico, the Paleoy.oic and 
later beds were tbrown into a scries of folds. 
The local predominating thrust in the Tintic 
and North Tintic districts was from the west, 
developing the misymmetrieal and in places 
shghlly overlui-ned major antichno und s>ii- 
cline and the muior folds and contortioas. 
The thrust was powerful enough find sustained 
enough not only to fold but iilso to fault tho 
rocks. Faults formed at thb^ time in the 
<|UartKite are local overthrusts along tho 
quart/,ile-sbale conlaei, accompanied by acces- 
sory easterly faults. Faults were doubtless 
formed within (he quartzite, but they can not 
be proved, ow ing to tho uniform appearance of 
the rock. The principal faults formed at this 
timo in the limestone havo general northeast 
and northwest trends; accessory faults trend 
oust. Xorthei'ly faults may iil^o have been 
fonned in both quartzile and bmestono. 

After the period of folding — that is, during 
(U'etaceous and probably early Tortiiiry time — 
readjustment of the earth's crust caused addi- 
tional fnultmg along generally north and cast; 
directions and settling of fault liloeks. Erosion 
also took place on au extensive scale, com- 
pletoly removing any Mcsozoic and Pcnnsyl- 
vunirtu strata which may have been present, 
developing a mountainous topography quite aa 
stoop as the present, or even steeper, and 
bringing the first group of events in tho geolo;i:ic 
history of Tintic to a close. 

Tho second part of tho histoiy was begun bj' 
a poriod of volcanic activity, Tho earliest 
on;ptions recorded iu the district, though not 
clearly exposed, were of latite or andesito. 
These were followed by the rhyohte eruptions. 
The extensive latite-andesito eruptions followed 
those of rhyolito and wore closed by tho mon- 
zonite mtnjaionjwhichmaybooquivalont to the 

> J. M. Boulwet] (U. S. Geol. Survey Pro(. rapw 77, pp. 49-C9, 11U2) 
lifts found 4,&0 fNit of sLrala (■'••n feet FcnnBylviuiiuu and S.filO (wt 
Mososolc) obovG Uic Woi-r ini.irtilUi in tho Vatm City uid IHg CoHOr.- 
n-ood dlairkla. Tills, adJo*! u> Uio 6.(01 fcol of Uio'Mntcfcal'iUnl -nrtes', 
aad 8,roo tcvt of Blnshtnn qntutzlte, vrould glvo a totnl ol I8,2» (•'■-•I- 
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latosfc of tho effusivo flows. TIio flows wore 
niuch moro oxtonsive than appeftra at presont 
ami probably ooverod tin; highest limostouo 
poak.s ill tho district. Thoro is no menas of 
fixing bh« oxaot ago of this period in the Tuitic 
district, but Sraltii ^ during tlic oarlior survoy 
found tho Iiititi's, or uridosites, to bo hitov than 
coiiglomurato of probublo ii^ocoiio ago. This 
obsoiTutiori bus been confirmed by tho presont 
wi'itor, who htw ulso found lutitic or nndcsitlc 
brnccia resting upon, fossilift^rous Eociino coii- 
gloDiorjito in tho southern purt of tho Wtvsntcli 
Moujituiiis noflr Suntnquiii. Tho oxboiisive 
flowa of Itttitns aud tho nionzonito are thoroforo 
cortainly of post-Eocttnu ago. Tho n-go of tho 
rhyoljto can not yot bo fi.xod witli certainty but 
probably is not markedly earlier than that of 
the latitos and monxonito. 

Fis-saring and faulting iiccompnaied tho vol- 
cnnie eruptions and continued afc intervals 
(ilterward. -luat after tho coasolidation of the 
moii/.onit^» oRs-fortnijig solutions, concentrated 
during the c^Jiisolidation, arose along nowly 
fomifid [Lssui-es and llepf^sitt1d tho original ore 
bodies hi the sedimentary and igneous rocks. 
Oi'o deposition was iji places uccompauied and 
also followed by renowod or tuiditional fissuring 
though uo extensive faulting of tho ore bodies 
took place. 

Probably after the original ore bodies were 
formed (tho exact tiine relations are not clenr) 
the Tiutic district, along with tho greater part 
of Utah, was subjoetod to tho Basin ftatige 
fau|f.lng, which tilted iiimienae blocks and gavo 

Tower, 0. \\'., )r., awl SWilh, O. O.^ ap. dt., p, 6^ 



rise to tho altornuting mountain rnngea and 
vallnys that characterize the Great Basin. 
Tho elevation of these rangfts was clearly later 
than tho rolcauic eruptions anti must tluireforo 
have begtin in middle or rather late Tertiaiy 
thn»i. Elevation of somti parts of the State ia 
kaown to be still going on.. 

EnJsion has been progressing without in- 
terruption during and ever since the periods of 
Volcanic activity- aud ore deposition, caiving 
tho uiount^ain peaks, canyons, and gulchey and 
building nUuvial coiios out uito tho broad 
intermontauo vallej-s. During one long stage 
of thia interval, in Qnaterrutry tiino, tho climate 
was humid and the lowlands from Goshen 
Valley northward wero covered by & part of the 
great Lake Bomievillo, in which sed'.monta 
derived from tho mountains woro deposited. 
A change to arid or aoiniarid conttitions caused 
the almost totid disappearance of this lake, of 
which Utah and Groat Salt lakes ore sniall 
remiumts. '^The former extent of the lake is 
marked hy unconsolidated lake boda in the 
flat valley bottom and hy shore lines or tei*- 
vacos along the lower mountain slopes. During 
this long period of erosion and clmngingclixmxte 
tho nowly fornnxl volcanic rocks were grad- 
ually worn awiiy, rovealijig tho higher lime- 
stone aud quartzito ridges and shrinking to 
their present areas. At tho same time metooric 
watera, cux'xdating downward, attacked the ore 
bodies aad began to conceutrato them by 
transforming prhnaiy sulphides and related 
minerals into secondnry sulphides and oxidized 
compounds. TliLs process of ein-ichmont is 
still going on. 
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By V. C. IIeikes. 



PRODUCTION. 



1869-1880. 



In DecGmbci', 1869, tlio lirsL minin|T ciairri 
was located in the region, that was subtjequciUly 
orjiiinlzed Lnlo tlic Tintio miuing district. This 
was the SuiibcKm claim, in the soutliern part of 
the region. The district was organized early ui 
1S70, but little work was done until the I'nll of 
that year. Tho Black Dragon, north of the 
Siuibeatn, was discovered in January, 1870, and 
in Februnry tho Eiii'eka Hill nnd Mamiaoih 
pi-opcrtios wore staked. Deposits of lend car- 
bonate rich in silver were being discovered 
daily, but it was difficult to jj^et tho ore to mar- 
ket, la 1S71 the producing caniixs were 
Eureka. Silver City, ond Diamond City. 

The gi*owth of tlio re^gion was steady, and 
most of tho early producei-s wore stiJl sliipping 
ore 40 ycai"s later. ^Vmong tho earliest pros- 
pects were the Mammoth, iVi-mstroug, Martba 
Washington, Shoebridge, Swansea, Eureka 
Hill, and Showei-s. Even at that early date 
many kinds of oro were mined, including prln- 
eipally the carbonate and sulpliidc of loud, car- 
bonate, oxide, and sulpb-^i-senite of copper, and 
siliceous gold nnd silver ores containing small 
amounts of copper. These diJl'erent kinds of 
ore led to complications in sale and treatment. 

Owing to poor transportation facilities the 
dcrelopment of the rnine-s in tho 'Hntic dis- 
trict for the tii'st few ycai-s was not rapid. 
TliorO was, however, considerable activity in 
mining tlie richest of tho ores near the siii'faco 
and shipping thoni to San Francisco, Cal., to 
Ueno, Nov., to Baltimore, Md., and even to 
Swansea, Waloa. Later most of the ores M'ere 
shipped to Ai-go and Pueblo, Colo., and to tho 
smeltei-s in the Salt Lake valley. 

The lower-grado ores wero treated at mills 
find smeltei-s in the district, at ftrst with indif- 
ferent success, as tho reduction processes then 
in use wero not full)' adapted to them. Ores 
taken from the inmiediate surface were handled 



with some success in amalgamation plants, but 
ojioof tJie greatest (roubles is said to have beeu 
tho abundimce of antimony ' in the ores rallied, 
ciuising the morcm-y to Horn-. Tliis was ovor- 
coroe to a largo extent by roasting or chloridiz;- 
ijig the ores. The progress of smelting and 
milling is considered on pages lH-117. 

lu 1S75 the nearest raih'oad station to the 
cimip was Payson, on tho I'tah Southern Rail- 
road, 2S miles away, but a route was being sur- 
veyed through tlie West Tintic country for tho 
Utah Western. The output of tho district at 
that time consisted of silver bullion, lend bai-s, 
and copper matte, utid tho notablG produceis 
wero the Eureka Hill, Bullion, Ihnnmoth. Sun- 
beam, Bowei-s, Morning Glory, Showci-s, and 
Gold Hill. Dui'ing the next tlueo yeara thero 
was no greet change In production. 

The buildmgof rnih'oadshnd a gi'eat effect on 
the output of Tmtic, as the chief product of the 
camp has always been fu-st-clnss shijjping ore. 

In lS7a tho Utah Southern Raih-oud was ox- 
tended southward to Iron ton, 5 miles southwest 
of Eureka, and in the following year the output 
of thedistrict nearly doubled. During this year 
(1879) the Crismon-Mammoth Co. marketed 
312,000 worth of silver bullion. In the next 
two yeai-s the Mammoth and Tintic mills pro- 
duced much bnllinu and the Ein-oka HUl was a 
regiiUu" shipper of ore. Amalgamation miUs 
were not successful, as all the coppor and half 
the gold and silver wera lost. The Tintic miU, 
by eldoridizing the ores, recovered ■Sl'1,262 in 
gold and 87,223 omices of silver, and the Bullion 
Beck mine became a notable shipper. 

In 1SS3 the Salt Lake & Western Kuilroad,= 
as it wns tlien known, handled 7,650 tons of 

' Ajitiniocf Is vory .-iirtolu IboDcr, uf tlie Tint Id dlb-lrlct properdin 
Is oljunttant in tlw Scr-ilsi mine, in ibo Wtul Tlutlc dtilrlot, whoso on 
WW iKiilcd nt llomaitsvillo In tho cwrly di»>'S, 

■ This mill can»e::loa ul Ijr<raloD wllli the UI^Ui SoulhErn, wlilcli In 
IRW con-^olldntcd wllh tho y,ah A 'Snywhx, Uuili & Norlht-ni, and 
K*hsi (t I'lirk City, )inder the mnni)EeiiJ"nt o(lhe Union rnrllicand Ibo 
uamo Oapni) Sbw*. Lijif. In July, 1003, the Son Pedjo, h<n Anectci ± 
PmU Ijito 7i;n.lipL«d '.arvr Lw Aitwlrt is SaM Lnk«) irofc over Ihli 
hr.uith lino of cIil- Orwion Sliort LIt» Irom Salt take to Kurotca, In 
CQiiiutcllaa wlUi 1(a tluotigh iint lo 1am Aag/^n, Cal. 
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road liad been 



ore from the district. The 
completed from Ironton to Silver City, and 
there wns a branch to Mammoth. The Anier- 
icRii Eugle, Biillion Bock, Eureka- Ilill, nnd 
llunimoth were large shippers, thuiiig the 
next ycnv (18S4) tlie output of the district 
ijiercasod to 48,914 tons, of which 22,943 tons 
was sllipped to smelters. At that time the 
iinnual production reached the million-do Unr 
mark, and silver represented the greiit-est part 
of the value. 

A liirgo piirt of the ore shipped from the dis- 
trict lit that time and later was oxidized and 
coutQiocd a largo percentage of ii'ou with a 
little gold and silver that made it vahmble as a 
smcltiug flnx. During 18S7 about 33,300 tons 
of ore was shipped from various mines, includ- 
ing 10,3r>0 tons of iron ore, and tho Em-eka 
Hill alono shipped 10,233 tons averagmg 50 
ounces of silver to the ton nnd 12 per cent of 
lead. Dividends were paid by the Mammoth, 
Bullion Beck, and Kurckn Hill, but little was 
published eonccrning profits, cither then or 
later, hi IH87 and !8S8 the value of all 
products wa>* nearly §2.000,000 each year, and 
in 1SS9 it approached §3,000,000. TheCentcn- 
nial Eureka property, which has hud a hirger 
output than imy iithcr mme in the district, 
becanie an importnnfc producer, having begtin 
shipping hi 'ISSG, at the same time us the 
Go-mini. 

At this time tho district had four main pro- 
ducing areas. '.Hie southcriLmost whs in the 
vicinity of Sdvcr City, in the southern part of 
the district. 'Hie nfixt to the north wns the 
Mammotli Basin. The Eureka area, farther 
north, included the BulUon Beck, Eurekti HUl, 
Centcimial Eurekn, and Gemmi mines. East 
of the Eureka and Mmumoth groups was the 
area of the Godivi\, Uncle Sam, llumbug, Uta}i, 
and Sioux mines. In 1SS9 the pi-oduction hi;d 
uieiT-ascd lo 40,075 tons, of which tho Eureka 
Hill ftlono produced 1K,600 tons. Tailings 
frtJiu the Mammoth mine were leached to 
(idvantago. 

1890-1898. 

In 1890 tho vahto of the output was nearly 
double tinvt of the preceding year, being over 
$5,000,000, frou^ about 68,000 tons of ore. 
This wns a record output at the time, and in 
fact it was larger than any subsequent year's 
output \uitil 1S!!»9. As silver has been the 
main resource of the district, fliietuufions in 



tlie price of tho metal have seriously affected 
mining. Krom 1S90 (o 1901 the price of silver 
dropped from SI. 05 to 00 ceni..s nn ounce. The 
silver output of the district was slightly de- 
creased in 1S91, and considerably so in the 
next two years. 

The Kio Grande Western Railroad (now 
Denver & Rio Grande) entered tho district in 
lS9l,gi\dngit the advantage of two roads. The 
ore output of tho district in 1S92 wns about 
47,000 tons, but production decreased in 1893. 
The value of the output remained close to 
82,000,000 in 1SE)3 and IS94. In 1S95 there 
was an increase, particularly in gold and silver, 
which brought the value of tlie output up to 
about 83,000,000. 0%\Tiig to the operations of 
the newly buUt quart/, mills (p. 116)^ the value 
of the ore produced hi 1896 rose to over 
34,000,000. In 1897 there was a slight de- 
crease in total value, due piincipally to a 
decrease io the output of silver, but the pi"o- 
duction of lead mcreased nearly 8,000,000 
pounds. In ISOS crude ore, concentrates, and 
bullion were being shipped over the two rail- 
roads, nnd the product wns valued at over 
.S4, 000,000. The leading pi-oducci-s were the 
Eureka Hill, BuIUon Beck, Ccntenninl Eurokn, 
Grand Central, M.iummth, Star, Swansea, 
South Swansea, Eagle and Blue Bell, Humbug. 
Unclo Sam, nnd Joe Bowcre mines. 

1839-1914. 

In 1S99 the Tintic district was tho leading 
mhiing center of the State iu value of output, 
which wns over 36,000,000. The shipping 
mines were the Manmioth, BuIhoQ Beck, Ccn- 
(cnnifll Eiu'eka, Grand Conti-al, Gemini, Eu- 
reka HiU, Swansea, South Swansea, Godiva, 
llumbugj Unclo Sam, Sioux, Sunboam, Ajax, 
Star Consolidated, Four Acres, Carisn, Joo 
Bowel's, May Day, Northern Spy, Englc, Treas- 
ure HiU, Lower Mammoth, Tosorn, Alaska, 
Showers Cousohdalcd, Boss Tft'eed, Utah, 
Rabbit's Fool, and Silver Park. The Tintic 
(Dragon) iron mine shipped in 1S99 nearly 600 
ciu-s of hon ore to he used as flux. Lend in 
1899 had reached a production of over 
38,000,000 pounds, and copper had incxensed 
to over 6,000.000 pomids. The aimual pro- 
dnction of the camp often exceeded that of 
Bingham until that district became tho largest 
copper producer, nnd tho records of many 
3'eai-s showed Tintic outdoing Park City. In 
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spile of that fact, lesa wns written with rt^{:;nrj 
to the cevoJopmeiit of the reKJou than aboist 
other equally productive mineniJ nvyns. 

In 1900 an increase in gold, silvor, nn(l cop- 
per gavo a total value of over S7,()()0.000, 
wliioli Wfts tho record at thnr date mid xvos not 
exceeded until 1906. The following your 
(J 901) the production of aU the mctitk except 
copper dccrcixsefl, owinj;; in j^Ttit part to liti- 
gation, lu 1002 there WHS a further d"M*ronso, 
resulting Iiirj^cly from the suspension of ship- 
nionl^; from the Centennial Eitrpkn miue. It 
was* during (hut ycur Ihflt the ^Vjuerlcun Smelt- 
ing &, Rotiiing Co. and the Uuitod Stato-s 
Snieltuig Co. completed their plants at. MuiTiiy 
and Midvule. Utiih, where n large perl of Tin- 
tic'a ore wai! afterward reduced. By Chi-^ i\mc 
practically nil the output \vn? tirst-elnas {ship- 
ping ore, uiast of the mills having I'erved their 
usefubie-ss. Grout depth had been gained at 
many of the mines, and this some year a rich 
strike \vns made at tho Gemini mine on the 
t, 700-1 oot level, then its deepest. Other mines 
that bcciimo largo protl n ce.i-s v.-ere the Ajax, 
Oarisa. Lower Mymmoth, Tesora, and Vnnkee 
Consolidated. 

Conditions improved slightly in 190;i, so that 
the output was \nlued at nearly S5,000.000 
Hgutn, though tho lead production was less. 
Five iiiteriTipted \\'ork in (he Eui'eku llill and 
several adjoining mines, including the Cen- 
teniiiitl Eureka, which nevertheless wna the 
liirges!. sliipjior of tho region. The value of 
the output ill 1904 whs nearly S6,000,000, from 
over 260,000 (ou-s of ore, and there wore in- 
creases in oU met Ills exfx^pt Ii>ad. Thirty-one 
inines shippetl by wuy ot" (he Eio Grande and 
Salt Lake railroads. In 1906 the unusually' 
liirgc production was vnhied at over SS, 000, 000. 
There was a big increase in lead, partly from 
the iJ(!ck Timnel property, which furnished the 
scnsntion of the yeur. This rich lend ore eanio 
from a uevr area in the eastern part of tho dis- 
trict. In 1907 ore valued at nearly S9,0U0,000 
was marketed. Tho Colorado mine was a new 
and large producer of lead carbonate contain- 
ing \)'A oiuices of silver to tho ton and 35 per 
cent of lead. Lend carbonate was concen- 
trated at the May Day mill, whose eapncity 
was enlarged to 65 tons. 

After the panic of 1907, production was 
greatly reduced in 1908. Prices were low and 
the smeltiug rate was high. Two copper 



snieltere in Utah were closed. In 1909 mining 
had recovered and the district made a record 
outpnt of lend, principuUy from the Colorado, 
Irou Blossom, Sioux, and Beck Tunnel minc^. 
At the same time a modem ore-sampling mill 
was erected at Silver City. In 1910, 40 pro- 
ducera shipped over 300,000 tons of ore, valued 
111 nearly S7.()0(),000, of which lialf was lead 
ore. The fohowuig year iho output hud riearly 
the same value. Tho Centennial Eureka alone 
shipped over 108,000 tons of ore. 

T}ie year 1012 was notable been use the pro- 
duction was valued at nearly S10,000,000, the 
record of (he district for nil years. Dunng 
that yeiir the district became a zinc producer 
for the lirst time in its history. Alixed car- 
bonate and sijiciite ores of zinc- were shipped 
from the ^tay Day, Uncle Sam, Ix>wer Mam- 
moth, Yankee, Gemini, and Kidge nnd Valley 
mines. In 1913 decreases amounthig to about 
$2,000,000 were recorded in gold, silver, copper, 
and zinc. 

TABLES or PEODUCTION. 

ilETALS. 

The first of the following tables showa the 
quantity and vnlue. b^^ melals, rjf (he ore sold 
or treated m the Tintic district from 1800 to 
1916, inclusive. The annual production ifi 
shown beginning with 1377. The second table 
summnrizes the production by decades. The 
third table shows the total production of the dif- 
ferent ore /ones, hy metals, from IS69 to 1910. 

Tho reports of output" received from muihig 
companies and those estimnted by the Sur\ey 
were neiuly perfect for the Genuni /xme. Sev- 
eral of the reports from m'mes in tiie Mammoth 
and Godivn zones were incomplete, but it is 
believed that the estimates como close to the 
actual out|>ut. The figures for the li-on Blos- 
som zone do not uiclude the large quantity of 
low-grade iron ore mineil from the Dragon mine, 
but, with this exception, give a veiy complete 
record. Actual figures have been supplied for 
the igneous zone as far as they were available, 
nnd estimates for missing years are thought to 
be near the actual oiitjmt of metal produced. 
The output of West Tuitic and other outlying 
district-s is included in the "undistributed" 
(igmos uj> to the yeur 1900. In the earlier 
years probably some other district totals of 
tho ore production in Juab County were 
credited to the Tiatic district. 



(^wjniiitf ami mine -o/orc $oi<i or trtated in Untie distrvrt, 1SG&-19I6, onri loial meloh rfc^ifrrd. 



Yeiir. 



1869-1S7G6 

1S77 

1S78 

1879 

1880 

isai 

1S82 

1883 

1«M 

ISiS 

1886 



18^ 

i8S9 

1890 

ISfll - 

1892 

1893. 

18&4 

1885 

im 

iM7 

1898 

18» 

1900 

1901 

1902 

1903 - 

1904 

1D05 

190G 

1907 

1*J8 

1909 

IS^IO 

jyu 

1912 

KI13 

1911 

1915 

1916 



Ore 

(fihonioiu'i 



Gold. 



Quantity 



Total'. 



* 262, 6S0 
A 26fj, 7(il 
A 317, 576 

* 278, 504 
h 2U0, lOi 
A 25(i, 578 
fc 300, 63] 
ft 360, ;k>i 
A -423, 830 
A 100, -IM 

1^98, 186 
yff3, 47-» 
365, ^19 



24, 730. 00 
c 2, 000. 0(1 
c 2, 600. 00 
c 2, oOO. 00 
/<^ 4. 410. 00 
f 2. 332. 00 
c 2, !)0;i. 00 
<i 2, 000. 00 
J 1,-500.00 

ii S6S. rm 

d 2. 300. 00 

d 3, 20(J. 00 

''7,110.00 

^lliOlO.OO 

'^21,(533,00 

''19,444.00 

<^ 10, 470. 00 

f^ 1&, 007. 00 

rflti.OtiC.OO 

J 27, 02a 00 

<^ -10,470. 00 

rf :t-, 038. 00 

c :iS. 136. 00 

CM, 9] 7. 00 

c 75,355.00 

c 40, 159. 00 

c .^. S44. 00 

* 65, 987. 00 

'•7],9(il.00 

h 100, 942. 00 

ft 93, 125, 00 

^ 1J3.0C5.4-1 

iV a% 248. SS 

i 83, ISO. 47 

A m, 2S9. 22 

A79,01S.5-I 

A 91. 917. 86 

A es, 3J7. 87 

40, 139. tJO 

44,3lS.fi8 

41.382.57 



Value. 



S511, 215 
41,344 
51,680 

51,6S0 
91, 349 

48. 207 

60,010 

41, W4 

3],00(^ 

17, 94S 

47, 515 

00,100 

140, 977 

.308, 837 

509,209 

401, 943 

340, 465 

312,083 

373, 457 

568,992 

836,589 

7(>6, 043 

788,341 

928, 517 

1, 557, 726 

830,160 

689, ?82 

1, SW, 072 
1,4SV, 558 

2, 0S6, 656 
l,925,0fifi 
2, 337, 270 
1, 307, 4G4 
1, 719, (i79 
1, 370, 320 
1, 633, 398 
1, 900, 731 
1,412,462 

9.53, 790 
916, 775 
8.5'i,454 



Silver. 



Copper. 



Quantiiy 

<fino 
ouQces'i. 



89-1,000 
c l-V), CHJO 
c 130, 000 

c 250, 000 
/*! 181,5-15 
cp 151,073 
<i 232, 5.58 
c g 523, 798 
= s^ 61tf, 194 
*J HfiH, 925 
d < S2 J, 000 
J 1, 412, 463 
(11,201,020 
rf2,a^5,7O0 
d 3, 801, 700 
<* 2, 901, 730 
1*2,011,642 
^1,990,860 
■;2,->S2,033 
'^3,517,166 
=i 3, 955, 843 
'12,877,600 
c3, 359. 507 
«^3,329 833 
M, 809. 971 
<:2,6.K5,73& 
■"2,978,391 
''3;620,*>2 
'' 3, 93S, G30 
"3,1351.318 
^■1,610,794 
A 4, 019, 082 
■'< 4, 118,440 
■^0,404,847 
A 0, 222, 742 
A 5. 514, 702 
'' 7, 073, 104 
^ 5. S29, 484 
4, 666, 94-1 
4,370,984 
5, 113, 5CC 



Value. 



«1, 139, 5S0 
1^0,000 
14 H. 500 
2S0,00ll 
208. 777 
170. 7ia 
■>Co, 116 
6S1,4]6 
087,305 
920. 750 
816, 750 

i,;^Qj,2i-i 

1, 1 29. OW 
1, 932, 353 
3,991.783 
2,872.713 
1, 750, 129 

1, .552, 871 
I,fj2C,C81 
2, 286, 158 

2, m, 973 
1. 72i;, 560 
1, 999. 809 
1.997.890 
2, 982, 182 

J. 611, 4 a 

1, 57S, 549 
1, 5151, y9-5 

2, :',54, Hm 

2, 3S6, 014 

3, HaO, 232 
3, 266, 393 
2, 182, 773 
3,3;W,520 
2,820,281 
2. 922, 793 
4, 349, 959 
3,521,00a 
2, 5S0, 820 
2.216,0S9 
3,3(;-l,727 



Quantity 
l,pouiicldL 



1..532,925.80 31,C8S,3S9 119.712,919 78,762,311 



2.558,228 
c d 3J3, 200 
cf 111,400 
c d 110, 800 

c rf 86. 000 

c d 300, 000 

'dSOS.SiXt 

<: <* 281, 8:^5 

c J 161,600 

c "iiaS, i>'tO 

■^'i''l,o25,0O0 

- d 2. 000, 000 

'='*:^,20U. 000 

-- d 1 870, 000 

c d S6S, 960 

•^ rf OSS, 000 

c d 96(i, 777 

c d 3'?0, 000 

c d 820. 000 

crfl,574,000 

c* 3, 005, 000 

■: 2, 500, 000 

•^ 2, 073, 759 

c 3, -Hi, 677 

c 6, 0.52. 157 

c 7,557,825 

c. 5. 271,921 

A S, 023, 464 

'■' 9, 035, 720 

A 10, 9S2, 751 

A 7. 321, 471 

ft 7. 7.J-5, S31 

A.J, 707, 786 

'^5, 915, 669 

A 8, 993, 036 

Al0,9;'!2, 1.54 

'^13,-3.39,126 

" 9, 261, 867 

5,290,471 

5, 357, 932 

7, 106, 645 



Lead. 



\'aluu. 



Quail ti Vv 
■poimdn). 



?C99, 901 
59,008 
18, 492 
20.606 

1.5, 404 

54.600 

96.6(K 

48.511 

21,006 

21,384 

169, 275 

256,000 

369, 600 

252,450 

135, 558 

68,061 

112, 146 

34, 560 

77,900 

168,418 

324, 540 

300,000 

257, 1-16 

588. 527 

1 , 004-, 658 

1.262.157 

643, 174 

1,099.215 

1,129,405 

1,713,309 

1,.413,0M 

1,. 551, 166 

753, 427 

769, 037 

1, 142, 115 
1,365,269 

2, 200, 9,56 
1, 485, 590 

703,632 

93/, fl.'\K 

l,7'i8,234 



7.744,000 
e *294,49fi 

'■ 402, SS2 

•■1.206.466 

•■ 705, .534 

f 451, SIO 

<= < 59S, 192 

'■ yoo, 000 

<-■ 5, 559, 882 

c 7.781, 759 

<^ c 5,971,066 

c 6, 337, 991 

c 5,854,261 

< 9, 978, 559 

c 10, 881, 90S 

'■■ 13, 147, 645 

CO, 431,. ^27 

c 7, 063, 209 

•; 8, a5K, 635 

c 11, 283, 50-1 

c 13. 217.833 

c 21, 341, 802 

c 29, 060. 841 

'^38,080,90-1 

'^36,340,579 

c 24, 388,133 

<^ 20; 266, 507 

''12,481,040 

A22,122,312 

A IS, 702,573 

A32,022, 190 

A33,019, 242 

A 25, 015,882 

A.56,502,209 

A37,553,445 

A 23, .'372, 966 

A 24, 350, Oil 

A 20, 279. 312 

36,510,911 

32,657,018 

39, 294, 351 



Valut 



S&49,540 
16, "lfi7 
18,104 

49,4fj5 
35, 277 

21, 687 

29,311 

38,700 

205, 716 

303, 60(j 

274, 609 

285, 210 

257, 587 

389,164 

4S9, GSO 

565, 349 

377, 261 

261,339 

265, 369 

361,074 

396, 535 

76S, 305 

1,104,312 

1,713,641 

1. 620, 9fc'5 

1,048, BOO 

830. 027 

524, 2M 

0G7, ?51 

879, 02! 

1, 825, 2IJ5 

1,750,019 

1. 051, 927 
2, 429, 595 

1. 052, 352 
l,Ot50,7Sl 
1.096,022 
1, 156. 289 
1, 423, 926 
1,534,860 
2,711,311 



Zinc (spoiler). 



o 

00 



Quantity 
(IKJunda). 



Value. 



3, 709, 737 'S255, 972 
3.,596, 5'14 201.4Ct6 
758,217 ' 38, 6'>9 
.3. 845, 058 I 476, 787 
3, 711, 156 I 497, 295 



Total 
value."! 



$2, 900, 238 
297.019 
23V. 776 
401.754 

353, 807 
295, 206 
451, 0-15 
707,971 
945, 037 
1, 272, 683 

1, 308, 239 
1,991.574 
1,903,687 
2, 882, 800 
5, 126, 238 
3,928,069 
2,j58O,0O1 

2, lOO. 853 
2. 3-13, 907 

3, H84, 642 
4, 347, 637 
S, 560, 508 
4,149.003 
5. 228, .5; 5 
7, 165,551 
4,752,448 
.% 741, 9.32 
4,942,486 
5, S3 9, 7-10 

7, 065, 600 

8, 252, 607 
8,904,848 
5,295,691 
8, 218, 831 
6, 985, 068 
6.982,241 
9,803,640 
7, V20, 755 
5, 700, 837 
0,082,lLi9 
9,177.021 



o 
m 
o 
r 
o 

> 

o 

B 

H 

O 



% 

H 

G 
H 



152,376,912 



25, OKI, 297 716,970,477 32,341.622 



15,620,712 11,470.129 1169,326,248 



•I Averof!? cojiuuerclol prioas usod for oocb meliil (o mnko total for tanh C9l*ndar t-car. 

* Id I>«iHDber, ISiB, Wissl Tlnilo (km altnieicd aT(rn:l»n, nnrr i\w SiwiliKim mfoe «■« located. It b«oin>« Iho Urst importool produow later, aion? with thft ScoUir l\-n ih» EumVA Hill, MatnmoUi, Shoe- 
bridge, M&nb:! AVittlilcgU)!!, BlHck Draj^ot), Biuek Et^le, nod SmuiaNt: bU oprntcd belwcen l^fJ and iSJit. In 1^ tho Mommoib^pptropotls (A]ai) .'uid Cn.smun-U&mmoih mlocs ven llw |x-iiiaiHl produi^ens 
ol copper in Utah. 

< Estimates by V. C. HeiVfts from a separation ol tho toriJiiurnjt rejMrt^d by ihtDInKloroftl* Miul, ui ^ilveo in tbo annual remwa o( tho Salt Luke Tribuno nnd U. £. G»ot- Sun'oy Mioeciil RcwuicRi, 
IBS2-1897. PartsoftborccortisofsomOiwrlv produWrs woroui^lln iMflirillrfjiiLftv 

^ EsdmnwJ by Towei ami Smith (op. di., pp. 015-C.IC), "ho r:.^" a ta;iii> ajiiJ remtuiLS on prodixtlor. lESlJ-lKCi: "II U iliouKhl Oib production of jllvrr .in.-l fM pnvhnslo IBW did not cxrwJ SJ,i™,000 In 
vjilufl. From 13S! lo l*:*j, inclusive, Lho Tin)dw+i'>n to gold has cx<jfj a)],>j7 otujc^ inj In liilvcr 2S,.rt\(",' Oriiicw. In luidiiioii lo the silv .t and pold, TiDriC' hai piwliuxHl » Inns ftmoiuit of teid uri'l TOi/j*r, 
Thft only methoilot cal-uh'.ianaf ilieleiUaoii(.'Jii(.-;! is by finding lii? raMftoffoppKiofi'hir c^tdorsU"cr .Vssili'srls mortuiurannlv dLiiiibLileii in il\*rorTw than prfd. itib OMUU bas bMUi choi>ca :is Uw tiasis 
ofcak-ulatlotL '^nulv.■rvi^;,■. iisiuentof copper ancl lead in 240,000 Ivus of ore w as 0.tj p^r iwui uiid !.Vo pexLeol. rtipttUVcK-, TIipok?. rfhi-h have fufTjL.ried ihc twowof jKbrxIcrltaltonnru iho ropir.'fJ uuiput 
ofnboin. two-ihlrdjiioftfitn.'lncsof thodisirict, Theojuleul otillT^rof th*»isum6orr^ ivpn^wi 52.M ounces [*;r ton. On This tuijii. Mjhw ftreafpoiuid>of cipper [.>Bver.- .fr..1 ounces of silver, and 20 [oundsof 
lead w every 3.8 oLiTioesoIsilvflr. Applvinc these niJiT, lutbp loUJ iirodiv-lion o[thor\mpu ly shown thui rJic re should havo iwcn praJuu-i l.,471j,i)0O poun'i;-"! (wpporafid T4,l(b totui of lead for tho ywrs from 
liMO lo Ififtj, incl;u,',vt', ttiQS roughly isHmatcd. Thi-w tai-.m-ifJoos, ooMi-i-er, Judped (torn otiwr ^tuclpolTiX swJii 1u Im soiDi'wIiat l-^n- for coppor and hifh (or U.ii-! '' 

■ In 1^77 Lbo£uf^>:^ Hill minecnminfiKyd to pfijduLv:.n.erliddbeanly; in iSSHho BulliOQ Becic ie Caumpion toim b«'%iuiuM£Uvvi-lvad jinxluoir, .^nd In liMb the Cenlvnnlal-Euicto mlnej attliouKb ootm 
lOffiB producer ot lead, yielded lurRelvip'd, silver, an J copper. 

/ FlEuresoriEln;illy 3,012 ounces oiKold and 8,0Sa ounces o(sllx-*r,«xiTnvW;i] from Tenth Cunwis, vol. 13, p.'M-l 

If Tower and Smith (op. rll., p. fiiriy^lvis, lor ISSO-ISSS, 0S2 ounws; ISSl, iui,iW Ouiic«»; l*^<i, '^l,*tn oiinr<>.s; ISSI, 012,1!>1 ounm>. These flgurte; havo been conwttd from producurs' ruports, the ICuiuka Hill 
belnc the l&nrcst producer (or tho ve&n eivuq. 

hV.R. OmI. Survey Minoral S«ourc«s. 1D03-W13. 

< TbOM totals an fu mioo output and A^reg-^t« more than if uuwltwn' and t«liner$' dKum wm» u-sod. 



O 

to 



Production o/metais in Tincic district, 3SCif~79T6, iy pmods^ 





Gold. 


Silv^ir. 


Copper. 


U:ad. 


Zinc (spelter). 




Period. 


Quantity 

1 fl U(J 

ounptwj. 


Value. 


Quantity 

(fine 
ouric-ej). 


Value. 


Quantity 
fpoundsy. 


Value. 


Qii.nnritv 
(poimdaV 


Value. 


Quanlirv 
(pouuds). 


Value. 


Total 
\'alue. 


1S69-1850 


3«J4^O0 

61,78fi.<X< 

332, 517. 95 

1, ItrJ, 472. VG 


5717,265 

1, '.'77, S30 

6, S73, 756 

22, 7»0, 135 


1, 605. 545 
ll,(iy2,031 
31,300,18.5 
76.019, 15S 


$1,957,857 
U,&S8,929 
21. 484, 906 
43, 431, 069 


3,179,C28 

9, yil, 24o 

21,441,370 

J ;?7, 843,009 


1, 422, 994 

2, 955, 9.^9 

19, 867, 428 


10, 353, 37S 

54, 318, -LS 

IW, 524, 539 

4C-1, 774, 132 


sees, 553 

2, 290, 330 

7, 434, 670 

21, M3, 063 






$4, 190, 594 


1881 iH90. - . . 


16, SS4,4S9 


]8fll-I900 






38, 749, 351 


1901-1916 


15, G20, 712 


Si.4"76,129 


109, oOI,SH 








lr53^,9:'5.S0 


31,GS^, SS9 jll9,712,fll9 


78,702,811 


152, 375, 912 


2% 063, 297 


710, 970, 477 


32,3-11,022 15.620,712 


1, 470, 129 


109, 326, 248 



pTwiuctian of Tintic disirict, by ore touts, including fiilirruUr-i, lfifi9-l&l&. 



ZoDC. 



Gemini 

Marnmoth 

Godiva 

Iron Elo33om !' 

iCTieoud 

Undibtribuled. 



Ore (tona). 



Gold. 



Quatitity 

(ounce-*). 



2. 457, 169 

1, 777, 224 

582. M7 

62S, 302 

303, 827 

10, OW) 



6, 81S, -159 



081,077.. 53 

601, OTO. 92 

70, 400. 93 

liO,a22.Bl 

S, 224. 81 

1, 400. 00 



1, 532, 925. 80 



Total 
value. 



?H, 091, 526 

13, 666, 1.^0 

1,455,316 

2, 27(5, 434 

170,023 

98, 940 



31,U8S,3S9 



Averagfi 
^'alue pcT 

ton." 



^3.73 
7.69 
2.&1 
3.02 
47 
2.89 



5,45 



Zono. 



Gemini 

Mammoth 

Godiva 

Iron itlossoni ^ 

Ipueouti 

IJndiBtriluied 



Lead. 



QuaDtity 

I'pounde). 



Value. 



240,763,340 ?10,fl28,310 



115,637,779 

159,962,039 

149, .512, 059 

45» 529, 594 

5,565,606 



5,405,4-19 
7,17ii, 137 
6, 820, 501 
1, 998, 710 
250, 4.Vi 



Avpniigtf 

pcT ton 

(per 
cent) " 

4.90 

3.25 

13.77 

11.90 

6.28 

27.83 



Silver. 



Qunnt.ity 
(ounces,'. 



56, 002, 775 
S6, 894,114 

7, 67-5, 363 

19.91!), 163 

S, 932, 782 

258, 722 



119,712,519 



Value. 



$38, SSfl, 0.'.5 

17, 345, 8tf« 

4, -173, 386 

•11, 2.X), 751 

6, S99. 774 

2Wi, 97H 



78, 702, 811 



AvpraRC 

pi? r ion 

lounccw)." 



22.79 
15.' 13 
13.21 
.31.75 
24.62 
25.87 



20-67 



Copper. 



Quantity 
(poundB). 



82,98J,711 

.'i.';,9l? 86.S 

13, 922, 9«0 

3, 806, 356 

2, 715, 383 

634 



162,375,912 



Value. 



i5l2, 42?, mvi 
9, 4-12, 370 

2, ns.;-its 

*:;7.S, 'IKi 

40O, t!^S2 

82 



Avtrage 
per ton 

I' per 
ceolK" 

l.fiSO 

l.fi5S 

1.198 

.303 

.374 

.003 



25, OKJ, £97 



ZiDC (spelter).. 



Quantity 

(poUTide). 



1, 576, 228 
3, ion, 322 
9, OSl, 070 
1, 470, 600 
17, 492 



Avetngy 
Value. ^^ 

Cent).* 



$1S9, 9fy> 

375, 146 

747,040 

157, 101 

912 



0.004 
.093 
.782 
.118 
.002 



Total value. 



575, 918,710 
46, 295, 009 

15,972,441 

21, 183, .332 

9, 470, .301 

4S6, 15-5 



Average 

value per 

too. 



$.10.90 
26.05 
27.50 

33, 72 
26.10 

-IS. 64 



Total 
diNideads. 



)?13,«8,400 
G,,62.3, 125 
1,' 7 55. 05-1 
7, 097, 105 

841, 914- 



■16,970.477 ' 32,341,622 



e.ie 15,620,712 1,470,123' .134 1 1&9, 32(5,248 . 29.10 S0.135,.^fl8 



ofVoora? mvpraj^ of flJl kindji of tirc produced In cndi it-no. Tb* ifncore wa* inroduom from 1912 to )9l'>, liitliujvr In 1919 it afprepitwi t3wL ton*, ovtroElin; 20.41 pfrfwnKif remvcml'k linc: In 1513 It 
Qf!Cr«i.r!il«I e.ai^ loos, averarlllB'i?''^! j-ii'iuil; in ISH IliH-irropitod 1,0(1) Icnijiivoratrttiji 37.57 fiercvjjt; In lOl,' il iSCWi-ntfl 7,021? Ions, a\T.rjf:|j>B 27 .lliporfcni; anri iji iSlw ii tLfLgrttntod 7,91ff r.im, n-^TraRliifi 24.S4 
per Curt. ThcdLafkot tnj^; abo prtujuia-jj fi5.ucin?^fli:wf(-.-lii[.'OTi!. In 1913 it acprciwttaiiiicRe av*nifilnK ^i.ftl pcitvnt nl li-jul itnrt U.7Kpfici.iit ciTtrnTcniWi'. xijtc; in ISl-l li afiirt^ESiiwl 3K( tons, wi.>n>j;tiit' 11.3J 
porci'nC o^]«gd;md i^l.&ipcro/nl ofri-i-irivr-ni^Iftatnc; ojitl in lyifiUttKiirccBCctlK^iorn, avcriic-inclS.ll p-TwiLito/liMiJ tmdl(i,M )i>-r tiTHu[ri'ii:j'viiBiW'; linc 

* The Iron Bloflsom u-ria ujtlurteHhB output of tht'Tlutlc fiaudftrd xonofilnco in™, fu lollowfi: 6,733 unuolon, 3H.38 ouncu» af goU, 64,07.6 ouaccfi of uIvbt, 2,(E3 pouotb oI foppcr,^,ai7,*A'i pounds olletd, 
TSI.GU poundj of tJsc, luvlnc ji lotol TTiiuo o( S^,aJl, or fiiL svi^rii^ vnllM ;><f 1^ Ol ^I .77. 
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PriODUCTIOS. 



in 



The toriTiage iind average grado fif ciicli kind 
of shipping product ill theTintu; distrie I during 
the 10 ycai-s from 1903 to 19i:i am given in 
tho follo^Tng tttbloa, in which tho ore clu^sifi- 
cation is necessarily arbiti'Hry in part. 

DUY OU SlUCEOUS OKK3. 

The dry or siliceous ores comprise gold and 
silvei' ores proper, ns well n« lluxiug ores 
caiT^dng cotisidorable quuntities of iron and 
miingnnesc oxides and vtiry small quantities 
of gold and silver, and aJso oro.s caiTying; 
silver, lead, or zinc in quantities too low to 
classify them as copper, lejid, zinc, or mixed 
ores. The coiilributoi"s of the dry or siliceous 
orp3 for tho pinnod were the Grand Central, 
Victoria, J>rnj:!;on (iron), Mammoth, Swansea, 
Lower Mammoth, Eagle and Blue Bell, Eu- 

Dry or siiiccaus ore and conc4.rUratf:, with averagt mcUillic 

1903 



' rcka City, Eureka liill, Soutii Swansea, Stur 
Consoliilated. Black Jack, Chief Conaolidated, 
Hcpo, Gurnet, Cornucopia, Windndge, Wyo- 
ming, Beatrice D..>[ount Vernon, Iron Blossom, 
Brooklyn, Monterey, Gray Roclw, Centennial 
Em'eka, Ajax, Iron King, Sboehridge, Showei-s, 
Sunbeam, Viotcr, Rabbit's Foot, Golden Treaai- 
ure, nntl Tosora. 

The Mammoth mine yielded the richest gold 
ores. Tlie Dragon iron mine, iu* ii sLupper of 
iron-manganese ore used for flux, was u hugo 
c-ontributor in 1006, 1007, 1910, and 1911. 
Its output ranged from 15,000 to 46,000 tons 
m tho yeai-a mentioned, nrid tiie low average 
grade of its ore, ostiraate<l at about 40 cents in 
gold and nearly 1 ounce of silver per ton for 
those years, largely afl'ects tlie nv{^rage oftlio 
crude ore in the following table: 

c-ntliii'-, produced In Tintie dhlrict and .■ihlppai to giudltra^ 



Cmilu ore. 



Year. 



1903. 
1904. 
19a^. 
1&08. 
1907. 
1908. 
1309. 
J9i0. 
1911. 
1912. 
I9i:). 
lUH. 
1915- 
1916. 



Quaiilily 
(aliort 
tons). 



6.5, 167 

a2, 809 

3S, m7 

so, 424 

a-1, 282 

2. 951 

il.-tL'O 

(jfi, '20-1 

ISO, STS 

193, 083 

129,231 

J02, 704 

54,933 

79,194 



Gold 


Silver 


(viilue 


(fiuiict'a 


i>er ton). 


per tun). 


#11.27 


13, 6« 


9.00 


13.93 


5 )J2 


' 16. SO 


0- 47 


10, «7 


15. 11 


r,, 63 


■1.0.3 


2G. 61 


12. 8.3 


a. 25 


2.50 


5.69 


5.40 


12. S4 


i). 26 


J 7. 37 


3. 12 


i:l. 12 


3 47 


9.67 


2. 31 


16. 90 


2. 14 


11.25 



Copper 
^percent). 



0.64 
.18 
.49 
.31 
.IS 



T.^iul 
(purceot). 



1. 1« 
.M 
.89 
.8.5 
.i55 
.95 
.61 



0.29 

.61 
1.23 
.73 
.07 
.4.j 
1.21 
.17 
.69 
.43 
.33 

.:w 

.82 



Avprafio 



vahH' 



ton. 



per 



^0.65 

18. .^.I 
24. S3 
16. 76 
20.19 
JS..M 
29.00 

7.04 
iCj. 04 

19, 15 
13.03 
II. (i? 
i:isi 

14.04 



Concrnlriile^j. 



190-1. 



S25 



$.'i. Oft 



;}3. 70 



0.18 



$25. OS 



COPPEll ORE, 

Ite Copper ores include those carrying over 
2.5 per cent of coppe.r. A large contributor 
of copper ore near ths grade mentioned was 
the Centennial Kureka mino; other mines, 
named in order of their Importance ns shippers 
of ore of this gi'udc, are as follows: Carisa, 
Mammoth, Victor, Ajax, Laclodo, Eagle and 
Blue Bell, Opohonaga, Bullock, Lower Mam- 



moth, Gold Chuin, Iron Blossom, Dragon, 
Eureka Hill, Brookl^-n, Star Consoiidatod, 
Minnie Moore, Tesorn, Grand Central, Ilorae- 
stako, Snowflake, Black Jack, Bullion Bock, 
Showers, Monterey, Argcnta, Primrose, West 
Morning Glory, Shoebridge, United Sunbeam, 
Governor, Rabbit's Foot, Neibauer, ond United 
Tintie. Tho average grade of tho copper ore 
is shown in the following table; 
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Copper on, viii attruffe mtUitlic corUaU, jroductd m Tintic diitrtct and xh'ppcd to y/iulUrs. 190o--t916. 



Year. 



1903. 
IIMM, 
1904 
IfiOd 

1907 
19ftS, 
190U, 
1910. 

irrn, 
i9i;i 

1(M4 
1915 
I!)1U 



Quantity 
(sJiorf. 



Gold 

(value 



Silver 

(ouiirca 



Copper 



Lead 



(sfton (vame tounrca (porVent). (percent! value per 

loua). pertoa). per to a). ^*^ ^ ^*^ j^j,' 



83, 

116, 
166, 
121, 
]-»!. 

Ill, 

im, 

87 
69 
!2«, 
J-IH, 
til 
113 
115 



062 
83H 
•117 
570 
3!)9 
104 
■IKO 

:i:h 

(114 

no-i 

377 
1-20 



per toa}. 


per taa). 


$fl. 79 


17.30 


7.78 


i:i. 24 


10. CO 


11. 9o 


10. iO 


10.83 


10, s-s 


i3, i>2 


9. 91> 


15. 47 


8.71 


12. 12 


8. 2.T 


!). liS 


5.76 


12, fil 


4, «7 


10. flO 


4.33 


8.3:1 


4.90 


10. 13 


4.W 


7. .54 


.•5.67 


9.49 



4. CO 
3. &5 
3.0.^ 
2.51 
2. 17 
2. 3D 

2. 29 
■I. OS 
0.42 

3. <iU 
2.44 
i:!>4 
l.9rj 
2.32 



0.003 
.001 
.02fe 



.5110 
. 640 
.110 
.240 
.S70 
.050 



Average 
valuf 



$27. 08 
24.54 
27.40 
27.21 
2!). 69 
24.93 
21.ol 
23.90 
26.20 
24. .19 
IG, 9ti 
15.67 
15.54 
21.31 



LKAD OKK. ! nial-Eureka, Cliief C'onsolirlated, Colorado, Go- 

In gPiienil, the crude 1e.ji(1 oto nnd lead con- ! *l'"(^a, Grnnd Central, Sioux, Em-oka City, Cliffc, 
ContmU^ aro tlioso coritiiimng over 4.5 per cent ^j'^^: TeLro, Joe Bowei-s, "Marthfi W.ishinglon, 



of lead. Tlio most pei'sistent producGca of lend 
pi'odu(;l of sliippin;;; ^-ade during the 10 years 
wot'o tlic Bullion Beck, Eui-oka Hill, Gomijii, 
Lower Mutnmotli, Muy Dny, Uncle Sam, 
•Yankf'n, Euglo mid Blue Bnll, Rid^^e and Val- 
ley, Brck Tiuinol, Bluck Jack, Mammoth, Eiial 



Showers, Victoria, Frankio, Lacledo, Star Ccn- 
solidntcd, Victor, Silver Park, South Swansea, 
Shoebridge, North Clift, Windridge, Utah Con- 
solifUt«d, PlutusConsoIidatod, Salvator, Cnrisa, 
Susan, Swansea, Oo^vn Pouit, Diamond Queen, 
Neihauer, Dnigoii, Tintic Standtird, Gold 
Chain, and Rabbit's Foot. 



Tintic Dovolopment, Iron Blossom, Ceiiten- 

Lfir! lire awl cmiuntratc, ii'itlt average mrtnliii: content, prodvc<:d in Tinlic dhirlrl and ghippd to sjnflt^jrs, iOOi-iOiS. 

Crude itte. 



Yluiv 



Quaotity Gold Silver 

(ahort (value ' (ouqccb 
tons). per ton). I x>Brton). 



Copper Lead 

(per ceut). (por cent) 



ItXKt. 
100-t. 
1D05. 

1906. 
IfH»7. 
I90S. 
19011, 
10 10. 
lllll. 

una. 

1014. 

I9i.*>. 

1!)16. 



36.206 

62, 2«9 

.>.T307 

102, oiS 

flO,-J-.7 

62.(1^ 

125, 923 

143,971 

82, (i'\7 

»2,4jO 

117,,xi2 

132, 768 

US. 330 

164. 0S9 



$1.45 

.88 
1.82 
1.IJ9 
3.08 
3.43 
4.22 
3.31 
2.80 
2.09 
3. K) 
2.2:) 
2.01 
1.60 



33. 28 
26,41 
24,03 
23. 3S 
30. 04 
-13.80 
37.15 
27.73 
25.11 
24.22 
24.73 
22 95 
21- SO 
19.06 



0,60 
.46 
.43 

.33 
.34 
.3S 
.07 
.41 
.13 
.25 
.30 
..^5 
.11 
. U 



Avcrnce 

grosfl value 
p«r ton. 



15.26 

16.24 I 
25.50 
14. 10 'l 
17.30 1 
21.92 
21.00 
12.74 
11. 11 
10. SI 
10. T2 
13. 46 
13, U 
11.89 



$33. 89 
30.7l> 
•11,78 
35, 03 
43.01 
46.06 
42.31 

30. u5 
26, 42 
26. 44 
2S. 45 
26.37 
26.04 

31. to 



CoMifniratm. 



Ifl03. 

i!;oi. 

lllOii. 
1906. 
1S07. 
IS08. 
IGOO. 
liJIO. 
1911. 

mui. 
i9ir>. 

1916. 



416 


92.28 


3, m7} 


1.24 


I,40'>) 


5,95 


2, 328 


i.:o 


2. 593 


1.11 


l,.5ft5 


3.7*2 


?S1 


3-28 


770 


;]. 0.) 


571 


2.45 


53 


.48 






loo 




305 


2, 48 



38.69 
11.00 

20.03 
11.34 
l3-fc7 
21. SA 
21.90 
17, S7 

S. 10 



0. w 
o.'i^ 



19.86 
17.00 

20.10 
33.94 
37,75 
31. (i3 
30. 45 
20.26 
25,20 
24.03 



$30. S6 
22.23 
37. 0« 
47.43 
41.97 

41.:^9 

40. S6 
3(S. 05 
;« o7 
27. 2» 



27. 42 

23. .')l 



17, SI 
35.41 



30, 64 
71.06 



^ 
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corPER-LK.u> ORK. Were the Uiiited Siin*beiun, Uadine, Shocbridge, 

Laclede, Ciinaa, Windridge, Miinmioth, Opo- 
Copper-loiid ore is classified nccordiiig (o tlio ' houga. Silver Quorii, und Bullock. Thefollow- 
aarue motbod as copper and loud ores. Tlie , ing table givo^ the production and iissay of tliis 
contributors of oro of tliis kind for the 10 j'cara I ore: 

CoppiT'Utid on; wtlk avcroiji: ■niclalUc content, prOiluati in Tintie dUtricl aivl shipprd to smdtA-rs, i'J0.i-19iG. 



Year. 



l9tW 
1004 
190<i 
1907 
190S 
1909 
1910 
1911 
1912 
1913 
191-t 
1915 
1016 



i.^iiaality 

Cohort' 
tone.), 



38S 

l'2R 

4S5 

330 

24 

4rt 

43 

5(. 

472 

43 

180 

7S 



Gold 

(viilue 

per ten). 



n. 84 

I. U 

i.-jg 

1.09 
.!>2 

.50 
1,2G 
5.70 

ii.63 

1.67 

.73 

.01 

.1. 14 



Silver 

(ouiicea 
per tou). 


Copper 
(percent). 


Lead 
(per cent) | 


4s.ai 


11.63 


1(5.03 


14.53 


2,S7 


2. 5!J 


27.11 


3.82 


111. 00 


a.'i. IS 


3.R4 


(i.91 


37. 7tf 


3.S4 


2-4. (56 


27.2(J 


3.7& 


G. m 


Ifi. 24 


7.01 


10, 14 


J6, .S7 


5,11 


13. 6S 


y2>i. 14 


3. 40 


8.13 


;i2. 5(i 


S.illi 


IS. 22 


1.1. 97 


2. 96 


9. S7 


;n.60 


4. 49 


10. J3 


52. 5-2 


3. -15 


H.ay 



Averapo 
;rusa valut 
per ton. 



?S1 , 21 
13.14 
52.90 
45. G7 
01.79 
29.15 
43.54 
39,12 
-iOO. IS 
47. 4G 
24 60 
42. 14 
70.63 



ZINO ORES. 



The zinc ores are those containing 25 per 
cent or more of zinc, U'l-eapective of their 
preeiotia metals. AJl the ore ruined was a mi."C- 
ture of carbonate and sUicate zinc ore. Con- 



tributor to the shipments (tf this clfiaa of oro 
wore tho Lower Mammoth, ITucle Sam, Ettst 
Tintie Development, May Day, Gemini, Godir.a, 
Kidgo and Valley, Yankee, Cliiof Consoliduted, 
Colorado, Beck Tunnel, and Iron Blossom, 



Zinc ore, v:Uh uv-ragc mctnllk cojitfnt, -produced in Tiixtk disirki and nh^ppid to atm'KtTS, 19]j~I9it). 



Year. 



1912, 
1913 
1914 
191 i> 
1»1U 



Quaolity 

(yliurt 

tDUB), 



(i,306 
ii_ 2(15 
1,0C4 
7:029 
7-318 



Gold 

(value 
I>or ten). 



SO, 33 



SiU-er 

(ounces 
por too). 



1.36 



.Ql 



Lead 

(percen.-). 



1.91 



Kinc (spel- 
ter, per 
cent). 



Avi-rago 

gr(fc?B value 

pi'r tcu. 



.34 



29.41 
27.51 

:i7.57 
27.35 
24.8-1 



^13.47 
31.20 
28.12 
6S. .13 
66.^7 



l.EAD-ZINC ORE. 

Le&d-zinc ore is usually alvipped by the 
buyer to manufnctorei's of pigment. In 1913, 
however, the shipments were purchased by 
producers of spelter, who sometimes save the 
residues of tho ore contftinuig part of the 
gold, silver, and lead content. The contrib- 
utors of ore of tbia class were the May Day, 
East Tintie Development, Tintie Standard, 
and Uncle Sam. 



Ltad'Zine art, witli avcraQe nu-lalHc content, pro-iuccd m 
Tintie dutrirl and afapped lo smelters, I90^'-1910. 



Year. 


Quantity 

(ahort 
tona). 


Lead 

(per 

cent). 


Zinc, 
trpelter 

(per 
ceut). 


Average 
grwd 
value 

per Um. 


1913 


192 

393 


9. 45 
1L3 


23.29 
21.8 


$;m. 40 


1914 

1916 


46. 29 


1910 


227 


18.1 


16.0 


69.72 



1043.'w"— 19- 
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SMELTING. 

■ A small mill and a smelter wore erected 
siraultanuously m 1871 at HomansviUe, about 
2k miles enst of Eureka. Owing to the refrao- 
torj' natmo of rauch of the ore, milling was Jiol 
a success iind smoking wiia tried frequently. 
Tho first smultor l)iiilt was the Clarkson, with 
two stacks, by tho Utah Smelting & Milling 
Co., which startiul opomtiona on Juno 17, 1871. 
Thi-q smelter turnod out 1 72 t-ona of silver-lead 
bullion in 60 days. This ores smelted iit these 
fumncos were from the Scotia (in tho We-st 
Tintic dititrict), Swansea, and Em-cka Hill 
mines. After producing several hundred tons 
of load bulUon tho plant was closed and moved 
iiway in 1872. Other smelting furnaces were 
erected at Diumond Gity und jan on ores from 
tlie Showers mijie and other ores obtained by 
purchase. The material trcat^fl c-ontaincd 50 
per cent of lead and S80 in silver to the ton.' 

Ttvo Lee thiira f urn acea were erected a t 
Goshen in the full of 1874 and ran at inten-^als 
for si.x mojitbs, producing 7J carloads of !>ul- 
lion auLl I of copper matte. Tho furnaces, not 
being a aucei'sa, wero dismantled. 

Tho Mammoth-fJopperopoIis built a smelting 
works in lS7;j at Koseville, 6 miles from tho 
mlno, for the purpose of making bhtck copper 
out of copper ores from the mine.- These 
■works were in operation for several months, 
imd at tho time of the finuncial panic, when 
thoy were stopped, 126 tons of black copper, 
containing 90 per cent of copper and, including 
gold and silver, worth S2o2 a ton, had been 
shipped. The plant had two furnaces made of 
iron, with boiler-plate water jackets and a 
linhigof Hre brick made in Utah. Kuch furnace 
Was liuilt for a capacity of 12 tons of ore evcry- 
24 hum-s. The motive power used for tho 
smelting plant was <lcrivcd from the mill. SO 
feet distant. Water was supplied from springs 
2 miles <listant and conducted to the works in 
gajvar.ized-iron pipes. According to the Utah 
Mining Oa/.etto of March 14, 1874, the Ger- 
mania Smelting Co. ovcctcrl furnaces in Black 
Oriigon Hollow and later moved them to tho 
vicinit}' of the Manmioth-Copporopolia mill; 
these avc presumably the ones erected by the 
English company. Later in the year the fur- 



' R.vinond. H. W., Si.-.iistl'i) j[ iiiinpsaad nnniiut In th« Stntossnd 
TMTilonr-i iM ottbe Rii.-ty KniintiiJiu (or I«ri. p. 317. t&72. 
• n:*j-HioufJ, 1., W., op. cit. lor 1S73, p, 271, 187<. 



naccs were leased to tho Ci"ismon Bros., in 
whose mine, the Crisnaou-Mainmoth, a Inigo 
vein had been opened. At this time (1S74), 
five I'umaccs and four mills were being operated 
in the di.strict. 

T!ic Crismon-Mammoth Co. early in 1882,* 
aftor some exporimentfttioQ, erected two mat- 
ting furnaces, and when a trial had been made 
the 27-stHm]) mill belonging to the old company 
WHS closed and additional furnaces were cou- 
stnicted. Eight fumaces, each having a daily 
capacity of 8 tons of ore, were in operation in 
1S82. By thi.s process 5 tons of ore was con- 
verted into 1 ton of matte at a coat of :$60. 

Ore from (he Crismon-Mammotli and Mam- 
mo th-Copperopolia coutjiined 35 per cenii cop- 
poT and .50 oimces of silver to tho ton. 

The number of furnaces was increased to 22 
in all* dnrmg tho early part of las'! and a 
refinery was ncnrly completed, when tho death 
of the principal member of the English syndi- 
cate tliat had purchased tho property brought 
further operation to a standstill. The concern 
broke up, leaving a hoavj^ indebtedness. 

In tho early part of 1886 some calcining fur- 
naces, newly oroctod, were reported to be work- 
ing well on Mammoth ore. The matte w&s 
shipped to Ai'go, Colo. In Septcmljer of the 
same year these furnaces were pronoimcod a 
failure. 

Nothing further is recorded of attempts at 
smelting in the district until 1908, when the 
Tintic Smelting Co. erected furnaces at Silver 
City for treating lead and copper ores from a 
number of rnkies controlled by the Knight 
syndicate. Before the end of the year two 
lead fumacc-s, each having a capacity of 250 
tons, were operating, and a copper fnmacft was 
about ready to be placed in operation. Two 
additional lead furnaces, making four in all, 
were ndded in 1900 and operated until Oclobor. 
The limu and iron for flnx were supplied from 
near-by quarries and mines of the smelting 
company, and as the ores of the district aro of 
a siliceous nature fluxing conditions were ideal. 
Coke was shipped from Snnnysido, Utah. An 
average of 15 different slag samples taken at 
random is ixiportod to have shown a loss of 1.7 
ounces of sUver to the ton and 0.7 per cent of 
lead. 

» Director of Mtot Bepl., lS)^>p. KT. 
* Idem, lS«3,p.62S. 
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This vmiUirn was tho lust of the rtltonipts at 
smelting in tho Tiiitic district. ^Utlnnigh ti 
success in smo.ltin^, tho Tintic Smelling Co. wus 
dominatiHl l>y other more powerful iiilcnsts 
and the lowering of smelting rales made it more 
profitiiblo for tho producing muiing rompauios 
to ship to iho smelters near Salt Lake. Tho 
smellor was dismftn tied in 1915. 

MILLING. 

Tlie first, mill in the district was stiuied nt 
Homansville in 1872 for the. (renl.mont of ores 
from tho Earokii H'lU mino by iho amnlgtnna- 
tion process. It. was oquipped with a Blako 



tho mill coidd treat, Tho oro was mmed 
usuaUv in small lots by lessees and hftuled to 
lilt! mill, and when sufficient ore had accumu- 
lated to mako a rm\ tho mill was put into com- 
mi.ssion. It nm in this way imtil 1S7S, closing 
thou because its largest shipper, tho owners of 
ihc^ Crismou-Mummoih mine, attempted to mill 
their own ore. 

According to the ore record of the Wyoming 
min, it treated from the Crismou-Manunoth 
mino between April 29, 1876, and June, 1877, 
ore aggregatmg 3,907 tons containing gold and 
silver. ITie average of 547 tons treated in 1S77 
i^ssayed .?11.74 in gold and 52.56 ouncts* in 
crusher and 12 revolving stamps having a ca- silver to the ton. As a generid rule milling 
pacity of treating about 25 tons of ore a day. | corapanics did not pay for gold until 1876, and 
Vory littlo work was done by this plant, and it iw no assaj-s were made by the minera except 
was fiuaily removed to a sit« 8 mUcs south of for silver the millman hod the advantage. It 
tho Mammoth mino, whore it fonned part of was after this time that the mine owuera at- 
the 27-stamp mill constructed and enlarged , tempted to mill then- o^vu ores. 



betwcon 1870 and 1S79 to treat ores from the 
Crismon-Mammoth mino. I'he additional parts 
of thi3 mill wero obtained from other aban- 
doned mills, tho Ophir (Enterprise) fumisliing 
5 stumps and tho Miller 10 stamps, 

Tlie second mill erected at Hom.ansville was 
tho Wyommg, built by an Ohio concern 
called the Wyoming Mining &. Milling Co., which 
starred January, 1873,' on oro from tho old 
Wyoming mino,^ afterward f.bo Eagle and now 
part of tho Eaglo and Bluo BoU. This mine 
failed, and tho company bought others' and 
milled much oi'o. The Wyoming mill was 
equippod with 10 stamps, 4 amalgamating 
pans, and tho iirst Stctefcldt cldoridizing 
roaster furnaco erected in Utah, which had a 
capacity of 30 tons. The mill is said by Col. 
Joseph Nt. Locko, its manager, to have been 
tho only one that was succoFsful at thai time, 
as all tho other niilla tried to work the ores as 
free-milling orciS, handling some oro from the 
iiumediato surface with a measure of success 
but failing with other oi"es, i\jitimony caused 
the cliief trouble, wliich was overcome, accord- 
ing to Ck)l. Locko, by thoroughly chloridiziug 
it and then, with the aid of steam passed into 
the shaft of the Stetofeldt furnace, driving it 
oDf as chloride. The mill was not run steadily, 
owing to the scarcity of ore of the class which 



I Tealli Cansus, vul. 13, p. 41H, lf«J- 

iTowtf, G, W.,>r,,uiKlSBiitli, 0. 0., eft. ell., p. tn. 

> Aato.ie thsm prcbaUy tti« SuobwoD, whicta. Q^-cctYliiu; m Col, 

Jovpb M. I.o>>b>i (ntdUtDMiC tbodn U 0. V. LMehlln Uay Jii, 1!>H), 

WAS ovme<l bv thoooicpaar. 



In the spring of 1374 Col. Locke took eharge 
of tho Wyoming null and, in February, 1S77, 
lie purchased it. Tho mill was afterward 
bought by tho Tiutic Mining & ililliug Co., 
whicli began operations July 14, 18S0. After 
this tunc the charges for working the Ore u'cro 
S2o a tou and the comi)any gmirantecti SO per 
cent in bullion of tho assay value of the silver 
and also of the gold if it exceeded SIO a ton. 
Tho product of this mill while under Col- 
Locke's mantigcment, from the spring of IS74 
to the spring of IS7S, woa S3!),05S.73 in gold 
and S24 1,1 12.23 insilverrecoverod from 3,261.7 
tous of ore.* lu ISSO this mill was again put 
into condition for operation, anil iu ISSl it 
commenced on custom ores. It treated mastly 
Northern Spy oro ui 1S82, and operated almost 
continuoiisly up to 18S6. 

In 1S73, before the purchase of tho Wyoming 
mill, the Tintic Co. bnilt near Diamond a i)lant 
known as tho Miller miU, with 10 stamps, wet 
crushing for custom work. Leaching ^ wjW un- 
successfully attempted here hi the Hpring of 
1879. Also in 1873 another plant, known as 
the Shocbridge or Ely mill, was built 6 miles 
south of Diamond for custom work. It Iiad 15 
stumps and 1 Aiken roosting fm-uaee, and ran 
irregularly until Fobruarj', 1877, when the 
company failed." Tho Hunt & Douglas process 
was introduced in 1S76. The property was 



»TPulb Cere-cs, voL 13, p. M6, IWl 

Hdaa, p. -ISt^ Thlsicportcivusa full d&Kih|tlloDonbc mill. 

■ IdOffl , p. -IS8, Tbis report gives a full ducTlptino of llw> ffllll. 
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bought in 1878 by S. P. Ely, wlio ran it as a 
custom mill between October, 187S, and Sep- 
tember, J879. Theprocessusedat taeniill, to a 
small exUnit, wn8 to crush dry, roast with salt, 
treat by the Hunt & Dougla-s method for silver 
and copper, and then amalgamate in pans for 
gold. Sometimes amiUgamfvtion wfsa performed 
first, and the tailings, if iwsaying over 12 ounccJi 
to the ton, were then treated by the Hunt & 
Douglas procciKS.' As pquipped the mill was 
capable f>f treating 10 tons of ore daily and was 
housed in a bnilHiQg 80 by 45 feet, containing 
six agitator tanks feet in diameter and o feet 
high; six Icadiing tanla of the same sixc; five 
storage tanks above agitators, 7 feotin diameter 
and Ofeetliigh; tiirec box vata for filtei-s, 2i feet 
square and 14 feet long; fourteen silver-pre-. 
cipitating tiinks, 4 feet in diameter and 20 
inehfos deep; and sixteen oopper-precipitatirig 
tanks of the same size. The mill operators 
offered to purchase or work ore at 80 per coat 
of the Oi'siiy value of the ore in silver and cop- 
pci', jdiiM 50 por cent of the lussay vahic of the 
gttid if o\'er .*5 a ton, less S25 for working. 

Theilammoth-Copperopolls mill wiis erected 
afcKosev^ille, 6 miles from the mim^, to treat the 
gold ore:^ of thi^ mine, in 1873,, about the s^amo 
time or shortly before its smelter was eon- 
Htnictcd,- but it was soon found that the largo 
quantity of eo]>po!' present in the ore iitipeded 
operations very mueh. The equipment con- 
sisted of fifteen stamps of 750 ponnda each, six 
timiLlgamating pans, th.reo settlers, and one 
agitator. Tho uiill bad a capacity of 22i tons 
of ore for each 24 houi-s. 

The Criaiiiou-Mamraoth 27-stamp mill was 
built S miles south of the mine between De- 
cember, 1870, and I'Jebriiury, 1879, and crushed 
w-ct until March, 1380. A Wlute *.t Howell fur- 
nace w.-,s then added but wad soon shut down. 
Wot crushing was again begun in August, 1S80. 
Besides a cnloridizing roasting furnaeo there 
wore Seventeen 7oO-pouiid stamps, ten 550- 
pound stnm])3^ a rock breaker, live pans, thj'eo 
settlers, and n retort. Tho tailings on hand 
hi l.SSO were said to assay S9 or more to the 
t^n in gold and silver. Tho mill was. closed in 
1S82. 



> Vrncnw lifljtnbcd by B. W. Rsytniimcl; ( stallfllcs of mtiM>4 ami lain- 
la% h\ Ua BuirK iuul IV-rrllorlcs wmI nf lh« Rsnky iSauniulim far )lf7S, 
PIJ. 3»-Jl(i. WTT). 

' lUynwnd, H. W., SlAliKtlrmr mlnos nnd iuLilii|C In ihi> Stales and 
TurrOoilo WL^t i>[ ilkc lk«.'V}- Uotialaiiu for 1S73, p. 274, UT4. 



In lS9i a lo-stamp mill was equipped by 
John Shettle to treat Mammoth ores by the 
Ibdviation process. Forty tons was beii^ 
treated daUy, assaying 18 ounces of silver per 
ton, and 15 more stamps were being added.^ 
Tliis mill was sold to the Tjutic Milling Co. in 
May, 1892, and worked N'orthern Spy ore aver- 
aging S20 in gold and sUver to the ton. 

Between 18S6 and 1893 nearly all tho min^ 
were shipping ores to the smelters for treat- 
ment, and all ores not having suilicient value 
to v/arnint tlieir trani*portation were accumu- 
lated on the waste dumps. As tho district 
contained no water available for milling, it 
was impoTisiblo to moke any use of these ores. 
However, during 189-3 tho Mammoth Mining 
G>. constrneted ajiipe line from Cherry Creek, a 
distance of 20 miles, and erected a lai^e pump- 
ing plant, with a capacity of 600 gallons a 
minute, at a cost said to have been about 
8130,000- Dua'iug the some year the construc- 
tion of quartz mills was begun, and in 1895 
there wero four pan-ambdgamation plants of 
the most modern type operating in the dis- 
trict — the Eureka Hill, 100 stamps, daily ca^ 
l)ftcity 250 toris; Bullion Beck, roUor mill and 
concentrating plant, dally capacity 200 tons; 
Mammoth, 60 stamps, daily capacity 180 tons; 
and FojTeU or Sioux mill, 20 stami>3, daU}'' 
capacity 60 tons. The Mammoth and Farrell 
mills Were at Robinaon. The3' operated very 
aucc-cssfull}' on the lower-grade ores of the dis- 
trict and 3hi])ped both bullion and concen- 
trates. The richer ores were shipped tt> the 
smelters in the vicuiity of Salt Lake City and 
elsewhere. Later tho smelters and ore buyei'S 
offered better prices and the raili'oads lower 
ra tea on some of l.h e ores tha t were being 
milled, making it an object to ship instead of 
mill, and so all tho nulling plants wore soon 
closed. 

In 1905 concentration mills were built on 
the Godiva and Uncle Sam properties, using 
water piped from Homausvillej 2 miles away. 
The Uncle Sam mill reverted to the May Day 
Co. sonio time later. It was dismantled in. 
1916, and the building was used for storing ore. 
Attempts were made by lessees of the May Day 
property to concentrate the carbonate ore 
diy dni-ing the time the mill woa in existence 
and resulted in a very good grade of ccrnsite 

1 Eug. and Mill. Jour., Ocl. 3, 1891. 
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concentriito. The process \ras that patontcd 
by Dietz & Kecdy. 

Bcgirmbig in 1913 tho old ore aud tailing 
dump of Lhtj ifay Day wtus treiited ui a cyanide 
plunt oporatrcd by Icsscoa. la the later piirt <>f 
lOI.'i a mill \vi^ completed at SdvprClty t*) use, 
tho KnigUt-Christcnscn process of cbJoridizini!;, 
i-oasting. and leacliinj^, which wiis being adnptod 
to treat the low-nri-tulo ores of the Knight naines— 
Iroji Blossom, Colorado, Beck Timiiol, Black 
Ja.ck, Dragon, and Swansea. The ores from 
those mines hvq said to afford an excellent vn- 
riety of oxidivied, sulphide, and sihccous ma- 
terial, from which to make :i mixture most 
suitable to the process of treatment. On April 
6, 1915, before certam mechanical dilRcultics 
could bo overcome, the plant was destroyed by 
fii'e. Rcconatniction began on the site of the 
abandoned Tmlic smelter in July, 1915, by the 
Tiutic Milluig Co., newly organized by a con- 
soLdation of the JCtiight-Clu'iatensen Metal- 
lurgical Co. iiud the Mines OjHsrating Co., which 
had operated successfully for two yeare at 
Park City, using tho Holt-Dern process of 
i-oast.iug. The new mill was at first equipped 
with three Holt-Deru I'oastereaud oueChi'istou- 
scn roaster. The latter was discarded und 
eight more Holt-Dcrn roasters wore added in 
1916, when operations on a commercial scale 
be^au. 

At fi-i-st about 150 tous of ore was treated 
daily. This quantity was subsequently 
doubled. The ores treated contain silver as the 



principiU metal, with copper, gold, and loud, tho 
content ranging from 4 to SO ouncfts of silver 
and 0.03 to 0.20 onnco of gold to the ton, 1 to 'J 
per cent of lead, and from a trace to 2 per cent 
of copper. Tho lead is not recovered. The 
Hulphidcfti from the Swansea mine prtnade, 
with the addition of powdered coal, the fuel 
necessary to the ore mixtuj-e in the cliloridizing 
ronst. Briefly the prowss coQsisl,^ in rousting 
a mixture of ores, salt, nnd powdered coal, con- 
densing tho acid roi\ster gases hi salt soIntioi\, 
leacliing the roasted ore with lliis aohuion, and 
preoipitatnig the mettils on scrap iron, About 
13 care of precipitate containing gold, silver, 
co[)per, and some bismuth have been shipped 
to diflerent smeltors, und '^ cara of bulh<ui 
containing 800 to 2,000 oimcca of silver and 
between 4 and 5 ounces of gold to tho ton and 
80 to 85 per cent of copper havo been slid|)pod 
to an eastern roihiery.'- 

Ti!St8 wore mado nt the lilm'oka i)Iant of 
the Utah Mineral Concentrating Co., a con- 
centration plant of 100 tons dully capacity 
bntit iu tho later pait of .1914, by equipping 
it with roUs, tube mill, and Isbell conccntra- 
toi-s. Low-grade ores from various piu'Ls of 
tho Tintic district, and from tho Chief mitio 
especiiilly, wore intended for treatment in tho 
plant. Tliis plant was closed for an indefinito 
period in IfllO on account of financial difii- 
culties, 

I Inlwclews witl^i Mr. Cisirjr* Ucra, Jtciv K, 101.'., nnd July S, lftl7. 
For detalliyl nrticlp Khcwini; flow sbwl cf KLifi{h!-Chrlr[<iti-.'u mill, 
Vi'lLb llhiTuratlous on J tuQ icaaiptisn at |ltu('<:'^n, .^ac UuU nud Cham. 
Ehj., D*i:., 1014, II. ijT. 



Part III —THE ORE DEPOSITS. 



By Wali)e,\lvr Lindgren'. 



LOCATION ANT> DISTRIBUTION. 

'V\\v. ore deposits of the Tintic district are 
found only in a small pari uf Uu; Eitst Titilic 
Riuif^o ill wliich there aro great areiw of rhyolite, 
of niorv/.onito porphyiy, and of lafcito thut are for 
tho riioMt pavt barren of ore deposits. The dis- 
triel projicr fornui a small area, mainly on the 
wesLom slope, raeitsuring about 4 miles from 
north to south and 2 miles from eiust to we-^^t. 
(See fig. l,p. 15; fig. 15; and Pl, IV, in pocket.) 
It extends from Silver City to a point north of 
Eurekti. There fti*o, however, outlying area.-^ 
that contain doposit* of greater or loss value. 
On the south prospects are fouml from Silver 
City to Diamond; on the cast aie the deposits 
of the Eiv^t Tintic district, about 2 miles efust 
of th<i divide of the rango: on the north, about 
9 mile;* from Eureka, are the Scranton mines 
of the North Tintic district, but in the same 
region there arc large limestono areas prac- 
ticidjy biuTen of ore deposits. 

The gcnorji! mineralization reached its maxi- 
mum in the area of moiixifnite east of Silver 
City — -an area i A miles long and 1 mile wide — 
but in this vicinity there are few mines that 
have yielded a great production. The mon- 
ssonite and adjacent pai'ts of the other igneous 
rocks are o.vtensively altered aud iiuprcgruited 
\vith pyrite; these rocks ai-e also traversed by 
a great munber of fissure veins having a gen- 
eral nortbeastejly trend and steep dip, some of 
which have jnclded considerable amounts of ore 
from theij" oxidized zones* above water leve!. 
Among the mines on these veins are the Un- 
dine, Sunbeam, Martha Washington, Murray 
Kill, Silver Bow, and Swansea. The Swansea 
mine is in the intrusive Swansea rhyolite near 
the monzonite contact. There is no distinct 
line between the monzonite an<l the altered 
latito porphyry (in part, at least, effusive) on 
the east, and tlie veins cut both rocks. Tiiis 
mincraj zone is 1^ miles witlo from east to west, 
but very little work has been done on these 



deposits in the last 20 years. In most of the 
mines work was stopped when large fiuantiticw 
of water were encountered from 100 to -JOO feet 
below the surface. The Swansea is the only 
one of Uk'se minc-'^ tliat hiis been worked below 
water level in recent years. 

ITie Hcdimentary rocks north of tlie mon- 
iionite are not gcnnrtdly mineralized, but they 
contain a number of vein zones idong which the 
limestone and dolomite are siliciaed for widths 
ranging from a few feet u]) to 200 or 300 feet. 
Ouf^roiw of ore occur in places, but ai-o neither 
continuonsi nor common and arc conliued chielly 
to the .southern part of the limestono area. 
The great ma.^s of the sedimeutan,* rocks ia 
barren of ores and mineralization. The main 
minerahzed zone of the monzonite crosses the 
contiua at three plnces, but it i.^ not possible at 
any ouo of these pliAccs to trace continuous out- 
crops, and the northward continuation of this 
zono forms theAfanunotb vein zone in the lime- 
stone. 

Four vein zones, of northward trend, are 
I recognized in the limestone. For i)urposes of 
I description thedo aro called, begimuug witli the 
westernmost, (1) the Gemini zone- comprising, 
from north to south, the Ridge' aud Vidloy, 
Gemini, BiUlion-Ceck, Eureka HUl, and Cen- 
tennial mines; (2) the Mammoth zone, com- 
I prising, from north to south, the Chief, Eagle 
j and Blue Bclf, Victoria, Grand Centra], Miun- 
moth. Golden Chain, Opohonga, Lower Mam- 
moth, and Black Jack mines; (3) the Gorhva 
zone, comjjrising, from north to south, the 
Godiva, May Day, Uncle Sam (Humbug) , Utah, 
Northern Spy, Cariaa, Red Kose, and North 
Star mducs; and C'O the Iron Blossom zone, 
comprising, from north to south, the Beck 
Tutuiel, Colorado, Sioux, Iron Blossom, Gov- 
ernor, and Dragon mines. 

The Geniini zone does not cross the monzo- 
nite coutuct but is closely coimcclcd with tho 
Mammoth zone in tho lowor workings of tho 
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Centemiirtil Enroka and Grand Com.ral niiiu^s. i B«ck Tannei mines, [lorf-ii of which it hna not 

bciui found, Imt near whicli it is comiocUxi hy 
rross fractures with the Godiva oro zone. 
N^irih of tlxo Sioux-Ajnx cross fiudi th« d(> 
posil, losos i(s vein charactor aad follows the 
hods, which hero Up fliit, so tliafc the oro body 
evidisiitly represents the intcM-socticui of the 
northerly frftcturoa with a limestnne hmi that 
WHS pitrfcicularly susceptible to rofilaeouiout. 

RELATIONS OF DEPOSITS TO FRACTURES. 
FBACTUBES m IGrrEOUS ROCXS. 

Tlio roliUion of the ore bodi^-s to fmcturos 
ha.s hoon fully discussed ui the earlier report ' 
ftud is ulso refoiTcd to iu Purl I of thi-s volume, 
so thut hriof commonts will sufhco here. 

Tower mid Smith observe that tlio fractures 



as oiiltinod in tho following pariigrs\pli. 

At a dnpth of about 1,700 and l,SOO feet in 
the Ijowor Mamruolh niirio n cc)ntiauous vein 
crossos tlie contact into tho Uinestono and has 
boon niotioratoly productive. A little north of 
tho Lower Mammoth a aericw of uorth-nurth- 
oastarly and northerly Ji.-^snrea cnn-ios tiie oro 
into tho Gold Chain, Ajax, and Mammotli 
propoi'tii^is. Tho Mammoth is one of the niost 
produutivo voiiia of tho distriot. A lateral fis- 
sure a little to tho west carries tho oi'o on nortl\- 
ei-ly fractures up through tho Grand Centnd, 
Victoria, Eaglo and Bhie Boll, and Chief miti(*s, 
oU in tho Mnuuuoth zouo. A westward-dip- 
ping fissure in tho Grand Central carrios the 
oro do\ni to a depth of 3.200 foot, whenc** it 
commiHiicates with tho lower flat oro bodies in 
tho Contciuiial and thence ascends in the two ^ *"*** ig'ioous rocks, particularly in (ho Swan- 
groat ore columns of tlio Contonoial, which fol- I ^^''^ rhyolito and tho mouzouite near Silver 
low strong easterly dislocations. From tht* j ^'*>'' '" S^^^iral trend N. 15° E, or N. 35^ E.; 
upper levels of tho CtMitonaial the ore, now in ' '^ ^^'^^ number lie between those trends, and a 
tho Gomini zone, is governed liy northerly fix- 1 ''■^^' t-rond N. 70" E. or, a^ iti tho Swansea vein, 



sures, M'hich carry it through the Eureka lliU, 
Biilliou-Bcck, Gemini, and Ridgo and Valley 
minos. Much moaey has boon spout in pr(>s- 
pocting tho liniostone liilla north of Robinson, 
but no success had boon achievefl; none of tho 
northerly fracturoa appear to bo ore-bearing 
south of tho groat easterly dislotmtious in tho 
Centennial mine. 

Tho Godiva and Iron Blospom ore zones lie 
oast of the diNnde and uro separated from tho 
Mammoth zono by a bolt of barren limostouo 
throe-fourths to I mUe wido, which, whoro 
trft,voi*sed hy tho Sioux-Ajax tunnel, proved 
almost entirely lacking in rainorahzation. 

Tho Godiva oro zone crossos into tho sodi- 
mouts 1,300 foot .southwest of the North Star 
mine, though tho outcrops arc not continuous. 
It folloAvs fii-st a well-dofincd tiasiu"o system 
tlu'ough tho Red Koso, Carisa, and Northern 
Spy mines, turns northward, and is traced 
through tho Utah, Hmnbug, "May Day, Uncle 
Sara, and Godiva mines to a point whoro the 
barren rhyolito covers the Umostone. 

The Iron. Blossom oro zono also docs not 
crop out continuously, hut it crosses tho con- 
tact of nionzonito and liraestone at tho Dragon 
mine and continues as a weU-dofinod fissure 
vein through tho Black Dragon and Governor 
claims iuto tho great Iron Blossom propt^-ty 
aad thonce through the Sioux, Colorado, and 



u. little west of north. I'ow of tho veins tlnjt 
follow tlutse fractures are persistent for long 
distnnees, but somo of thorn iiro trucoablo for 
litdf a mile. Junctions and ci-ops fnictiu-es are 
obsen-ttd iTi_ places, ifost of fho fractures dip 
T.^'^-SS^ NW. or WNW. A few smaller do^ 
IK)sit3 occur south of the Tintic district in tho 
volcanic rocks of Siuu-iso Peak, fron\ which 
tlus group of Veins apponrd to radiwte. Tho 
Packr.rd rhyolito and the latite are irregularly 
fractured in tiie manucr of flow rocks. 

FBACTUBES IN SEDIMENTARY BOCKS. 

Tho fractures in the scdimoiitary beds are 
moro coinple.\- than those in the igneous rocks, 
and they aro present in all part.s of the area, 
irrespective of minorolization. Ifc is e^-ident 
that by far the greater part of the fracturing 
and faulting antedates the epoch of mineral- 
ization, and in fact many of tho fractures 
antedate the beginmng of the volcanic; period. 
Fraclures and dislocations later than the 
mineralization are rare; some movemonla of 
this kind were observed along the easterl5' 
faults in the Centennial mino and were proved 
by tho occuirence of poHshed faces of ore, but 
they merely represent shght rccmrenfc move- 
ments along old fractures. Some of the most 
oxleasive faults had so nearly healed at the' 

I Towofp 0. W., it., and SnutA, C. 0.. op. elt., pp. 677-6S). 
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time of t-he genesis of the ore deposits thuL they 
hnd iJUlo or no influence on the course of the 
oro solutions. Of this eharacter ure tho groat 
faults in Eureka Oulch tind some of tliOHe on 
tho ridgo south of that gulch. On tho other 
hand, thn Sioux-Ajax fuult changec! to a marked 
dcgive the foFDi of the deposits of the Iron 
Blossom /one. 

For tho ore deposition the most Lmportnnt 
though not the moat consnieuous fractures are 
those M'iiich trend approximately north and 
wliich generally have a verticnl or steep 
easterly dip. Tlieae are eapecinlly abundant, in 
the western part of the synetine, where the 
strata stand netirly vertical and where slipping 
parallel to the beds hiis taken place, but they 
also occur in the eastern part of tho district^ 
where the strata ai-c flat. Some of these 
fractui'es intersect the beds at a very aentc 
angle. 

Fractures trending north-northeast are espe- 
cially ituincrous in the vicinity of the Ajax nntl 
Mujimiofli, and the ores foUow them ftltornatcly 
witli the northerly fractures. 

Fractures trending northeast to east and 
dipping o0'^-70° S. are very coni:non, and many 
of !iieni arc relatively open. In sorno places 
where the northerly fractin-es prevail — for 
example,intheGemini and Eureka Hill niinoi; — 
tho ore locally followg those "cross breaks," 
ns thoy sire called in the distiict. Tho most 
conspicuous examples are the two great 
easterly cro:^ breaks in the Cen":enmal mine. 
South of these cross breaks there is no mineral- 
isation along tho northerly fractuies of tho 
Gennni orozono. 

Ore-bearing fraetm-es trending northwest or 
north-northwest arc rnro and usually stand in 
relation to tho bending or offsetting to the 
west wliieh is observed in Eureka Gulch, for 
iiustauco, near the Bidlion Beck mine and in 
the Victoria and iiluo Bell mines. 

Fractures striking N". 30° E. and dipping 
60°-80'^ NNW. i\ro of conyiderable importance 
in the Mammoth and Grand Contnd mines. 

It is pi-obablo that the northerly fractures 
and most of tho north-northeasterly frnctui'es 
lire of the same age and that they belong to 
a single fractin-c system which, beginning in 
the uionzoidtc area, contiimos uorthwni'd 
tlu-ough the area of sedimentaiy rocks. South 
of the Sioux-Ajnx fault, for instance, the ore- 
bearing fractni'es change in strike from north 



to north-northeast. Most of tho mineralized 
'"cross breaks" trending approximntely feaat, 
were probably fonncd or reopened al tho samo 
time or a httle later. 

The gi-eaLer dislocations have taken place 
along tho northeasterly and easterly faults 
(see pp. 7S-S7) ; the movement along the north- 
erly fractures is probably considorablj' smaller, 
though it can rarely be measui'ed. 

UNDERGROUND WATER. 

GENIERAL CONDITIONS. 

In the limestone area the water level is un- 
usually low and is found at a depth of 1 ,650 to 
2,400 feet below the surface. One mine, the 
Mammoth, has not yet reached water at a vor- 
tical depth of 2,362 feet. On the other hand, in 
the monzonitc water is orchnarily found witliin 
a few hundred feet of tho surface. These UJi- 
nsual relations aro caused by the complex and 
extensive fi-aeturing of the limestone, which 
allows the wat<^r to sink to great depths. 

Tho position of the deep undei-ground watei-s 
of the region is controlled by the lowest level 
of dischai^e^ihatis, by thelcvcl of Utah Lake, 
at the foot of the Wasatch Range, at an altitude 
of about 4, .500 feet. Tho water in tho deep 
shaJta is ordinarily found about 200 or 300 feet 
above this level. 

The summit Une of the East THntie llange 
reaches 8,000 feet. At its easterly foot, 9 
miles from the summit, lies Gosheu Valley, at 
the foot of tho Wasatch Range, at an altitude 
of 4,500 to 4,800 feet. On the west extends 
the Tintic Valley, wliich lies at an altitude of 
about 5,800 feet. In tho thoroughly" fractured 
hmcstone the water level thus lies extiemely 
deep and has a very gentle slope to the north- 
east. The water ni)pears to be inv^ulorly <hs- 
tributed, and there are many local pockets liigh 
above the permanent level. 

Another local water level is found i n the rhyo- 
lite where it overhes the diy limestone. TTie 
lower parts of tho Packard rhyolite are in places 
clayey and soft and ore. able to hold a consider- 
able quantity of water which can be lociilly 
utilized for boilora. Still another local wat^r 
level oecni-s at the bottom of the detritus that 
fills tho valleys, such as Em-eka Guleh and the 
valley near Homans^^lle. The water found at 
tills level is better suited for di'-inking than any 
other in the district. 
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The water in the mouzoaito and assooialotl 
lava flows to the south of tho distriot is usually 
of good quahty except in the mines that con- 
tain mnoh p>Tite. Springs appear in places. 
No analyses of this wator are available. 

TIic shallow water in the rhyolito, found at 
100 to 300 feet below the surface, contains in 
plftCes much calcium sulphate, locally in sucli 
anvounts us to interfere with its dnmostic and 
industriftl use. Fairly pure water, however, is 
obtained in the detrita! deposits in the upper 
part of Em-eka ajid ftt Honaansville, on the east- 
ern slope. The wells at Homansville, whicli 
supply some of tho mines, uro from 100 tx) 205 
foot deep, and yield a flow of 25 to 80 gallons 
a roinute.' 

An analysis of the water from the Eui-eka 
Hill pumping plant at Homansville ^ave the 
foUou^ng composition, in parts per million: 



■inaUjsi^ of u-at^ Jrom v;€U-h at UnmayisvUh', Utah. 
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This is a reUlivtly piiro water. The amount of m:ig- 
Dcsia is unusually ]ugh. 

The water from the deep levels in the lime- 
stone is faii'ly pure and does not contain any 
deleterious substances, such as lead, copper, 
and ai-senic. 

An analysis of tho water from the Gemini 
mine in the shaft 1,650 feet !>elow the sui-faco 
gave the following result: 

Anolysis oj ininc v.-at-.r front t,6iiO-/oGt hmd of Gemini mine. 
[ Paris IMrmiaioD. ChiMO falmor, acalyst.] 

Na(K) 7.5.(i 

G» 115.0 

Jig 21. & 

Fc, Al Trace 

SO 121.0 

CL.- 121. -t 

CO;^ 12.0 

The ivatcr conloina no free COg and no copper, lead, or 
anicnic. 

Another analysis of the Gemini mine water, 
made by Hemian Harms, of Salt Ltike City, 
for the United States Smelting & Kefiuing Co., 

> Iteinwr^ O, E,, Oroiui4 witlvr In Juab, Ullliud, uid Iron ca:tiit-la> 
Ubili: U. S. Qcol. Survey Wrtlar-Supply Paper 277, p. as, lOU. 

■ Thi.<) analyab v^m oT'lglnally given In hypothetical rafahiasUani and 
In gmiiis p«r eaUuR- AU ih« csrboiKit« Vtm recalculKtad w faicM- 
bonntes l)j- O. 2. Mcliuof (op. c:t., p. S5). 
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gave 'i70 parts per million of soHds dried at 
100^ C, including 178 parta per million of 
calcium carbonate (CaCOg), 29 of magnesium 
carbonate, 17 of silicii, 106 of sotUum chloride, 
and 50 of magnesium sulphate. 

^Vji analysis of mine water from the 2,000- 
foot level of the Centennial Eureka rajao, made 
by Mi-. Hiviins, gave for total sohds at 100* C, 
408 parta per million, of wlijch 106 was cidcu- 
hUed ns cidciimi ciu-bonate, 17 as calcium 
sulphate, 74 as sodium chlonde, 20.5 as 
magnesium carbunate, and 106 as magnesiiun 
sulphate. 

Analyses of waters from botli the Gemini imd 
liie CentenniiJ mines are norn^al for sedimen- 
tary carbourtte rocks in arid climatos, and show 
no unusual constituents nor atiy in abnormally 
large quantities. There is rchitively much 
magnesium and a nmch greater quantity of 
chlorine than is usuadly found in humid 
climates. The prevailing dolomites account 
for the large amount of magnesium. 

WATER LEVEL AT THE MI^ES. 

The position of t-he deep water level in the 
Tintic district is shown in figiu-e 16, wluch 
gives three sections from north to south along 
tho three prin<-ipal ore zones over a tUstance of 
about 3^1 miles, Tho Gemini zone has a com- 
paratively high wat-er level, standing at 4,S13 
and 4,851 feet in the Gemini and Centennial 
mines, respectively. Farther south in the 
Opex it sinks to 4,791 feet. 

Tlie water level in tho Mnm.moth zone is 
4,755 and 4,759 feet above tho sea in the Chief 
and Grand Contnd mines, respectively; farther 
south, in the Mammoth, no water has been 
reached at 4,690 foet, and in tho Lower Mam- 
moth it is only reached at 4,682 feet, which so 
far is the lowest water level found in the 
district. It seems, therefore, as if the water 
stands at its lowest level in the vicinitj' of 
Mammoth Gulch, above Robinson. 

Tlie mines of the Godiva and Iron Blossom 
ore zuuas are situated at liigher idtitudes and 
water has be«n reached only in tho Iron Blos- 
som No. 1. in which it stands at 5,375 feet; 
but this is probably a local water level, for 
the water from tho sump is carried by means 
of a hose into a diamond drill hole 500 feet 
deep, dipping N. 56° W., at tho bottom of the 
shaft, and disappeara in the hole. In (h-ifting 
south along the bottoni level flowing water was 
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encountered in llinpstoue about 1,000 feet from 
the shaft. Water for drinking is pumpi'd from 
ft dianiond-diiU hole ],I3t) feot deep, dircotod 
S. 5i° E., also at the "bottom of tho shaft. 

In the Driigon niine, which is the souihern- 
tnoyt deep shaft on this line, no water was 
foiind at a depth nf 1.000 feet, but drifts info 
the porplijry townrd the s«)uth on the 800 and 
1,000 foot levels soon encountered water flow- 
ing from fissures. 

la tho moniioiiitG and porphyry area the 
water level ordinarily stands at a few hundred 
feet below the surface, or at altitudes from 
5,500 to 6,000 feet. 

QTTANTITT OF WATER. 

Tlie water is generally eneountered in large 
qimntities and concerted aotion among iniiio 
ownei-s will l>e accessary before any consider- 
able advance below water level can be made. 

In tho monzonite and related porphyry the 
quantity of water encountered wna lavge 
enough to stop mining operations. No ordi- 
nary punips used at that tirao were sufficient. 
In the Swansea niioe a steam pump was 
installed in the 700-foot level, and the water 
level, which was originally met at 650 font 
below the sui'iace woa lowered to tlic 940-foot 
level. 

In a shaft on the Iron Dulce ininc, 370 feet 
deep, the water level is 100 feet below tho 
surface. Tho (low on the 350-foot love! is said 
to have been 4,000 gallons a day. 

At the Gemini mine, in the 300-foot winxe 
from tho l,G,50-foot level, the water wi\s held 
at 300 feet below water level by electric pumps 
lifting 300 gallons a minute. After the pumps 
were disabled the water rose to its former level. 
When this mine was studied by the writer 
20,000 gallons a day of seepage water from tlie 
mine was being dumped into tliis winze with- 
out affecting the level of the water. Along 
the Gem or westerly channel tlie workings are 
wet for 300 feet above tho water level. At 
other mines there is httle dnppuig water above 
the permanent water level. 

In the Contenuirtl Em-eka, along the same 
zone, the water level \v\\s found at an elevation 
of 4,Sol feet, 2,036 feet below the collar. 
Largo pumps wei-e installed on level 20, or at 
an altitude of 4,671 feot. Much water was en- 
countered in a diift from level 20 that was 
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bulkhendcd 3ome distance from the shaft. In 
1911 «boTit 1,000 gallons u minute wns pumped 
feo the tuiinol level, and the wator ^'iis nsml U^ 
irrigate a small raucli near tbe mouth of ICurokn 
Gulch. After 1912 pumping was di^icont.lnupd 
and the water rose to 75 foot below lovol IS, or 
57 feet lower than the origruinl level. 

At no other mine have hirgo pnmi)ing opcrn- 
tions been attompt-ed. 

DKiVINAGE OF THE DISTRICT. 

Phins have recently (1015) been published 
font dvftinnjrc tunnel for the district, principally 
with the view of draining the raonzonito torn- 
tory, in whicli water is now encountered close 
to the surfaeo and which is behevcd to a)ntain 
a {'onsiderahlo amo;mt of ore distiibuted ui 
muiiy vcin>!. Such a tunnel would out the 
presoat shafts above the water level in the 
limestone but of coin-se would facilitate pump- 
ing by lessening the bcigliL to wliich the wtiter 
must be niised. The plan is feasible mul com- 
mendable. The tunnel wouhl iiuvo to start 
from Groshcn Valley, 5 miles away, at an alti- 
tude of 5,000 feet. On a grade of 1 ::J00, or 8S 
f[!ptin 5 miles, the timnel would roach the bot- 
tom of Iron Blossom No. 1 shaft at an altitude 
01 about 5,075 feet, or 2,200 feet below tiio 
collar, and the Sunbeam shaft at an nllitade of 
about 5,000 feet, or 1,440 feet below the collar. 

MINERALIZATION. 

GENERAL FEATTTBES. 

In the preceding staten^ents it is shown that 
the ore deposits of Tintie follow a system of 
fractures wliich begin in the monzouite, mon- 
zonite porphyry, andSwuusearhyoUteporphjTy 
near Silver City imd coutinuo with a general 
northeasterly trend toward the contact of the 
igneoiis and sedimentary rocks; north of the 
contact, in the sedimentary rocka, the deposits 
follow a more complicated fractm'o system with 
predomiuaat northerly tread, hut the minerali- 
zation is not ao general as in the igneous rocks, 
being confuied to four ore zones, in part con- 
nected , known hs the Gemini, Mammoth, 
Godiva, and Iron Blossom zones. 

The deposits may conveniently be consid- 
ered UI two divisions— those in igneous rocks 
and fchoso in sedimentary rocks. To these 
should bo added ft small class of oxidized 
iron ores that have been formed at or near the 



contact between the sediraentnry and the ig- 
neous rocks. 

The two main divwions are characterize*! by 
the same general mineral composition. The 
principal gangue niiueruls are qnartz and biirilo, 
the nuartz usually in the form of 6ne-giauied 
jiis[x>roid. The piijicipal ore minerals are 
giilena and enargite. Zinc blonde nnd pyrite 
arc invariably present, though commonly in 
small quantities. There is also nn unkno'wn 
bismuth mineral which has been oxidized to 
oxide, cnrlx>nate, or arsenate of bisnnith. 
Tetrahedritc, fnmatinite, nnd chaloopyi'ite 
occur in subordinate amounts. 

The met-ids, ai'raugcd in thrir order of value, 
lire silver, lead, copper, gol<l, zinc, bisnauth, 
iii-senic, njtd ontimony, but the Inst thi-ec are 
of smidl ecouonue importfln<H\ Nevertheless 
some of the bismuth is doubtless recovered in 
the treatment of the lead bullion; some m-senic 
is recovered as Hue dust nnd a little of the anti- 
mony ultunutcly finds its way into hard lead 
recovered as a by-pi"odni't in desilvorization, 

DEPOSITS m IGNEOUS HOCKS. 

The deposits in the igneous rocks have been 
worked only to shallow depths, operations 
generally ceasing ut the water level. Only 
one mine, the Swansea, h.-is reached a notable 
depth, its shaft extending ^>40 feet below tiio 
collar and 290 feet below water 3evel. 

The primary ore minerals of these deposits 
are, in the order of abimdance, pyrite, galena, 
and enargiU'i the gangue muierals are norntul 
vein quartz, m places well erystaUized, nnd 
barite. The VfUuable metids ore silver, lend, 
copper, and in some places gold. No bisnuith 
mincroJs have been observed. The piancip:il 
vein filling cojwistsof p}Tite. Thesilvercontrf^nt 
is highest, as a i-ule, in the galena and enai-git-e, 
but some of tiie pyrite in the Swansea veins is 
sold tti contain enough silver to make ore. 

The width of the veins is rarely more than a 

; few feot. 

Both filling and replacement have played 
part* in the genesis of the deposits, oiul t)ie 
ore in some places grades into the altered 
exiuntry rock. 

The country l-ock is extejisively lUu^red to 
pyrite and sericite, with rosiduarj' quartz. 
Some microscopic almiitc is also found in the 
veins and locally m the sihcilied mouzoiiite 
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porphjTj*. In both occurrences it biis the 
appoanincc of being primary. 

In the Swftiis^ea mino tlio voui fitllows n zone 
of linked fissures, -w'ho.se average width is 3 feet, 
and the vein minerals are oonuuonly arranged 
m bnnds separated by sericitic icid pyritic 
cowLtry i-ock. jVt one plfiee, for instnuco, a 
section showed IS iJiehra of ■pjTito nnd gulenii. 
IS inches of gnlcTta and quartz;, 30 inches of 
pyrilc' and quiirtz, 65 inches of galena, 3 inches 
of pyrite, and finally 3 inches of galena. No 
enargite or bui-itc is foimd in this mine, and 
the ore oontaiiis but little gold. ^Vji averapo 
sample of the ore would g-ivc 0.03 ounce of gt.ild 
and 30.7 ounces of silver to tbc t(ui, 0.26 ]>er 
cent of copper, 12 per cent of lead, 31.0 per 
ceJit of irrm, 0.9 per w^nt of zinc, and 19 per 
cent of silica. 

Little is known in detail of tho processes of 
oxidiition in the oro of these deposiit3, for few 
of tbeni have been worked m the last 20 years. 
Limonito imd lead carbonate wore the prin- 
cipal niincrati, and much of the oxidized ore 
woa rich in silver. If the diatriet is drained 
by a tuimel many of these voina may again be 
worked. 

DEPOSITS IN SEDIMENTABY HOCKS. 

Li tho sediiTientaiy foeks, whieb consiat 
mairOy of ditlomiie, limestone, or sbaly hine- 
etono, the mineralization asaumes a different 
i}T>e. The cxtt^nsive impregnation with pyritc 
nn(.l the sericiti/.ation .^ho^vn in tho deposits in 
igneous rocks do not occiu' except in such 
dikes as may have broken into the strata. 
Instead the ore zones are marked by strong 
silieiflcation, the s;liea takinji; the fornv of 
ja.^i)cioid, which, wth some barite, replaces 
limestone or dolomit*^!. Somo of the jasperoid 
re.si*inl)l('s a tuie-grained quartzito; in tho 
northern and eastern i)yrt of the district it 
assumes a cherty or Hitity appearance. Tho 
color of the jaj?pcrfnd is usually gi-ay or bluish 
gray. Its width is from a few feet to 100, or, 
in a few plnres, 200 foet. 

Ill the ore shoots the jaspovoid contains 
finely dissoniiiuitcd galena, with somo zijio 
blende mid pyrito and in places larger acicumu- 
lations of the same ores accompanied by a 
quartz of lighter color and morp. distinctly 
rrj-stulHzed; barite is tjso associated with this 
ore. OthtT ore alioota contain much cmu^gite, 
Viitb some p}Tito tmd cbalcop_>n'ite, or faniati- 



nite or tfltrahedrite. Such copper shoots 
usually contain a little lead, especially along 
the margins; there is much barite, and the 
jaspoi-oid i^ less conspicnous. When oxidized 
these shoots contain m\ich limorutc. The lead 
shoots and the copper shoots usually occiu* 
aeparatel}', but mixed shoots ure found, for 
instance, in the Eureka Hill mine. 

OXIDATION. 

The. Tintic distri<:t is remarkable for an 
unusually low water level and a cOn-esponding 
great depth of oxidation. The water in the 
sedimentary rocks stand-s from 1,650 to 2,400 
feet below the surface, according to the alti- 
tude of the shaft collar, and broadly speaking, 
is found iibout 300 feet above tho level of 
Utah Lake, or at an altitude of 4,800 foot. 
Explorations in ore below the water level had 
been undertaken only in the Gemini mine. 

The oxidation has thus penetrated to un- 
usual doptha. On level 21 iii the Mammoth 
mine, for instance, at a depth of 2,300 feet, the 
oxidation is strongly marked. The ore is 
honeycombed luad limonitic and has the ap- 
pearance of a surface gossan. In no mine, 
however, is the oxidation complete. Residual 
masses of enargite, p5Tite, and galena may bo 
foimd at all levels as weU as at the surface, 
though both galena and enai-gite are more 
abundaDt in the lower levels. 

The oxy-salts formed in lead and zinc mines 
consist of anglcsite, cenisite, plnmbojarosite, 
smithsonite, calamine, and hydrozincitc; the 
copper mines yield a long series of copix-r 
arsenates, malachite, and azurite, more rurely 
cuprite, and native copper. The silver takes 
the form of cerargyrite and native silver, and 
some rich oxidized ores show native gold. 

Tho oxidation is gencmll}' accompaniiHi by 
solution of quartz; tho barite is ver>' resistant. 
In places, however, a little quarts was deposited 
contemporaneo\isly with the oxiilation. 

The Tintic ores are genoralty soft ci-umbhng 
masses of celUilar and honeycombed appear- 
ance, more or less stwiued by Umonite, and 
oxidized copper minerals and containing in 
places residual galena and enai^tc. Too httle 
deep work has been done to reveal mueii about 
oxidation below the wat<.u* level. A rich 
sulphide ore 250 feet below water level in the 
Gemini mino shows somo oxidation with tho 
development of small corusite (crystals, tlirough 
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which vriTOA of nntivo silver pussj so U»iit oxida- 
tion ctrtnijily continuns to somo cxiciil to n 
consiccrahio (tistance bdow'- wntov li-vcl. 

In II largo part ot the upper zone not oiiougli 
oxygon wtis avuUrtblo for complete oxitlat-iun. 
In such places niuch galena roniuius, some of 
tho ennroito has suffered a partial oxidation, 
and souondm-y elialcocitc and co\'i>llile have 
been contomporancously developed high above 
water lc^\-el. Proustile and argenlit^, found 
ocetxsionaUy in some mines, were prohably 
deposited during the general process of oxida- 
tion wherever the supply of oxygen was scant. 

No positive conclusions have been reached as 
tc the existence uf suJplude enrichment below 
oi (It water level. A voiy pecuiiar rich ore 
from the Gemini mine, descnbed on page 177, 
contains galena, jiearcoite, zinc blende, and 
mareasito. It occurs from 250 fcefc abov^ to 
250 feet below water level and is cortftinly later 
than the first miiiei-alization. 

Oxidation is of so great importance in con- 
nection with tho Tintic mines that n sopnrato 
chapter is devotefl to it (pp. LCO-171). 

ZONXS OF DEPOSmoW IN A HOBIZONTAL 
DIRECTIOIsr. 

The deposits of tto TuUic district t.how in n 
marke<L degree a variation of mbieral associa- 
tion apparently dependent upon the intnisivo 
monzonite. Foiu- /^nes of distinct ehamctor 
may be recognized. 

1. In the moD/onite quartz occurs in well- 
developed ci-ystaLi with much pvi'ite and some 
barite, galena, enargite, zinc blonde, and 
cialcopyrite. 

2. In tho sedimentary rocks to a distance of 
1 to li nniles north of the. contact ^^^th the 
mcnzoiute; the gangue consists of somo Ihie- 
grained replacement quurta, with a few small 
druses of well-crj'stallizod quartz and much 
barite. The ores cont-tiin much enargite and 
in phvces a little pyrito, also totrahcdrite and 
famatinite. There are a few lead shoots, and 
the copper shoots contain a little lead. The 
ores also cany gold, averaging in the better 
grade of oro SIO to S12 a ton, and some silver 
probably averaging 20 ounces to the ton. 

3. Farther north, in the sujuc vein zones, 
the sedimentary roc-l<s contain principally ga- 
lena, with n httlo zinc blende and pyi-ite. The 
silver content is higher than farther south, the 
average of the ores being perhaps 30 to 40 



omu-osi l^) the ton. Tliore is practJcally no 
gold. Tile gangue minerals consist of preiloni- 
inant quartz in tho form of on extremely fine- 
gi'uiived cherty material re])lacing Lniestcmc or 
dolomitx^, but there is also o moderate amoimt 
of barite. The quartz crj'stals in the dnisy 
cavities that occur here and there are rarely 
more than ! niilliracter in length. This zone 
conti:uies, so far as kno\\Ti, for 1 or 14 miles 
north of tho end of the copper zone. 

4. Farther north and east, beyond the area 
coutainuig the Icad-silvci- shoots, the mincrHli- 
zatiou beconu's more feeble. Tho gaugne juin- 
ornls consist of ealette, dolomiU', and a httlo 
quartz; the oro mhierttls comprise gajeiia and 
zinc blende; and silver is present oidy to the 
extent of a few ounces t-o the ton. 

Gold and copper seem thus to occur on the 
whole near the monzonite; lead luifl silver and 
zine maiidy farther away. This aiTftugement 
may correspond to deposition in successively 
cooler zones and a gradual spreading of the 
ore-formtjig solutions toward the r^orth until 
tbey became so mingled with surface watcra 
that their solvent power docliried. 

ZOH£S OF DEPOSITION IN A VERTICAL 
DIBECTION. 

Far less marked is the variatioi\ bi the com- 
position of the ore with variations iji depth in 
the individual mines. The separation of the ore 
ijito lead shoots and zinc shoots is drpciidont 
upon processes of oxidation. In any (me nujic 
within the copi>cr zone lead and copper shoots 
may occur in close proximity, but there is no 
dofhiitc change mth increase in depth. In 
some mbics which in the upper levels earriod 
only lead copper began to appear lower down, 

GENESIS OF THE DEPOSITS. 

Tlie mode, of origin of the. deposits is taken up 
in more dctai] in another place (pp. 182-184). 
It is well to state here, however, tliat there can 
be iio reasonable doubt that all the precious 
metal deposits of the district were formed at 
one time, and that the genesis of the ores in 
monzonite is tlie same as that of the ores in 
sedimentary rocks. The similarity of the uu- 
UHual type of mineralization m both chisaes of 
rocks, the general cor\tii\uity in strike, alld 
fijially the actual tracing of one of tho normal 
veins across (he monzonite-Umestone contact 
suffice to prove this assertion. The deposits 



m 



GEOLOGY ANT> ORE PKPOSITS OF TIN'TIC MIXING DISTRICT, UTAH. 



wero probably formed by bot wot^re, chiirgod 
with igneous pnianations, rising on fi.^urcs in 
thu inoHj«orute after its consolidation. Those 
waters ponetrutod tho ?iMlinientm'y rocks north 
of tho luonzoniii^ und, sproHding, grudiiuUy 
bpeame cold und lost their powrr of nunerali- 
ZJitiou. 

The ore deposits Were formed immfdialoly 
after the. end of the intrusive aetivity in llip 
interior part of a eooling volcanic imiss nnd ut 
11 dopth of not more than a few ihousimd feet 
bplow its surfiu'C. 

ORE BODIES. 

DBPOSITS Ut IGNEOUS EOCKS. 

Conconiing the focra of tbe veins in tho ig- 
neous roclvs not much can })o said, for little is 
known of tho oocurrarces in tho old worlvinj^s. 
Tho oi"© bodiw* H.re tnbuliir,- varying iii thiok- 
npss from that of n scam to 20 foet. Towar 
and Smith " say that tho average width is 2 
feet, and that t.ho limits of orp ar.d altered 
country rock a re e vciywhorc well dofined , 
though the tt\"o avo rarely separated by clay 
seams. The most c*>nt:nui>us body i^ that of 
tho Sunbeam vein, which iy 2,000 feet long. 
Tho pay shoots arc really Lliin lenticuliu- bodies 
of galena ore. Li tho Swansea mine, where 
tho workings hii-ve boon extended below water 
level, tho vein rungos from 1 to 10 feet in 
width. About half of this voin is composed 
ofsliipping ore. 

In tiio Swansea mine thero ore two main 
shoots and sevei'id sniaU ones. The northern 
shoot was 600 feet long on the surface and 
reached a maximum depth ol' 130 foet. Tlio 
southern shoot has been sloped from a point 
near the aui"faoe to a depth of 800 feet aud 
through ft maxiroum horixontol distance of 900 
feet. Its shupo on tho piano of the vein is 
ibiit of Q T with its stem pitching 35° N. 

There sc*ms to bo no reason why some of 
tho other veins in the moiiwuito could not be 
prolitaMy worked bcdow the wnter level. 

DEPOSrrS IN SKDIMENTABY ROCKS. 
0T.X£R;VL llEI,.\TIONS ANT) FORM. 

The sediment rtry roclta are much more sus- 
ceptible toToplacemont than tho igneous rocks 
iind eoiisequently tho oro. bodies withLu them. 
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are much more irregular and complicated than 
the veins in I he igneous rocks. From a narrow 
fi.ssure the oie extends irregulai'ly on both sides 
and is rarely limited by r regular wall. If the 
oro stops lit. a fesnro at one point it may os- 
teud beyond it at some other poiut. Tho 
chiingo from ore to barren vein material is 
usually indi-stinct, but the jasperoid, which is 
the principal gongne material, is as a rule 
sharply sepiU'ated from the uuolterod limestone 
or dolomite. At many places shoot*' have been 
mined twice — the richest ore w«s lii-st ex- 
tracted nnd later on, at a more favornble time, 
the second-class ore was mined. 

As stated above (p. 122), the ore io many de- 
posits follows northerly fissures that aro nearly 
vertical, but tho ore may follow any iissurc 
and have any dip; or it- may follow the bed- 
ding pianos of the rock, whati^ver dip these 
may have. 

The ore bodies are called chambers, columns. 
chimjiGj'S, pipes, poclicts, or pods; tho last is an 
especially apt term and Is applicaMo to many 
deposits. An ore body that follows gently ia- 
clined beds is called a ^at or a blauket. Many 
of tho pipes are extremely irregular, especiaJly 
along ihe Gem channel in the Gemini mine; 
this chamtel trends N". 15° E., and the ore ha.s 
a maximum width of 30 feet. 

One of tho largest ore shoots, that of the 
Mammoth, hi\s been followed from the .surfuco 
along its steep pitch to a depth of 2,000 foet. 
This shoot wus about 200 feet in length nnd 
30 to 150 feet in width. 

The longest shoot laiown is tho flat body of 
the Iron Blossom, Sioux, Colorado, and Bock 
Tunnel mines, which has been minod almost 
contumously for nearly 8,000 feet. For the 
tii-st 5,000 feet it strictly follows the intersec- 
tion of a fissure with a certain bed of Hat-lying 
bmcstono and for tho remaining 3,000 feet it is 
a roplai'omeut deposit along the same fissure 
but of more voiuliko foiTQ. Tho greatest \Wdtli 
Is about 150 foet, but for the most part it is 
considerably narrower. 

Tower and Smith remark that few of the ore 
bodies spht or send out offshoots; whero an oro 
body passes from one tissure to another, (be 
first fi.ssure is usually barren beyond tho point 
of departure. Tliis is LUnstruted by several 
oro bodies id the Gemini mine, which show a 
U shape in horizontal projection, caused by 
the ore leaving a northerly fiasupo for a cross 



break and then tnkjng a parallel fissiUT. 
FI. XXXII, p. 1S6.) 

All L)n\so facts iUustrar.e ihe difficiillies 
atltriuling (ho discovery and iniuing of ore 
bodies in (be I'iutic district. The cost, of ex- 
ploration is high, and sucecs;sful mining re- 
quires an iufimuLe knowkdge of (he slrucliirf 
of tho rocks. 

OUTCROPS. 
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The laxfcr ore bodie^i in the sedimentary' area 
crop out in few places. In fact, as pointed out 
elsowhore, thi.s part of the district presents to 
the ol>server of the surface very few indications 
of niiueraHzatiou, 

Jn the monzonite tho veins crop out at many 
places at altitudes ranging from 6,100 to 6,800 
feet.. 

In the sou'-hern part of tho sedimentary 
area, where tho deposits st.ill preserro their 
rein character, outcrops are ahundant, thou{;h 
few bu-ge ore bodies have been found. Thctc 
veins crop out on tho North Star, Red Rose, 
Victor, and Ourisa- properties at uJtiludea of 
7,000 to 7,600 feet, also along the Governor 
vein at about 7,tX^0 fnet. 

Farlher north alonn; the same vein zonc?s the 
outcrops lire scarce and (he main ore bodies lie 
a few hundred feet below the surface, at alti- 
tudes of 7,000 to 7,300 feet . In (ho May Bay 
mine the ore reached ahnost to the surface, at 
un altitude o(' about 6.<)00 leet. Along the 
Iron Blossom ore zone there are no ou(crops 
north of the Iron Blossom shaft No. 1, and the 
main ore bodies for 1 \ miles lie IDO to 300 feet 
below- the surface, at altitudes of 6,800 to 
6,900 feet. 

jVlonj5 the Mammoth ore zone there are 
prominent outcrops at (he Maruraoth mine, at 
an allii-udo of 7,000 feet. Farther north tlie 
outcrops arc acaree, but one ore body reaches 
the surface in tbe old Eaglo and Blue Bell 
workjjigs u( 6,050 feet. North ol' (his point 
the ore bodic-'^ ho far below tho surftice. 

No outoropa are visible 'above the Grand 
Central ore shoo(s, but near the. Centennial 
shaft outcrops of the New Year ciiannel flre 
found at nn altitude of 6,900 feet and continue 
unbroken for 1,200 leet olmost to the Eurokn 
I -Iill mine, at 6,500 feet. In tho Gemini mine 
no ore ^vas found above (he second level, flt 
about 6,300 feet, but a mineraliztid outcrop of 
tho Tank channel was observed just north of 
tho shaft. 



The Tinlic ore deposits thus show outcrops 
in all except in the most nortlirrly parts of (he 
area, though the outcrops arc rarely continuous 
or pronmieiU. These outcrops range in alti- 
tude from 6,100 to 7,600 feet; (he former ligure 
practically represents tJie western bns& of the 
range, wliile i(s stitnniit reaches S.IOO feet. 

It is (hus clear that the ore deposits are not 
limited (o any one horizon. These rehilions 
have been discus.9ed in some detail on account 
of a statcnient. by Jcnney ^ to the effect that 
"in the lunestone area of Tintie * * * 
surface outcrops oecui- but seldom and are 
mainly coaliaed to points of relatively low 
elevation where the veins ci-oss some basin or 
ravine. Nowhere does a considerable body of 
ore outcrop on t ho tops or liigh up on the slopes 
of tlie hills." It will be readdy seen that this 
statement is not 8up])or(ed by the facts. 



COl'NTin' HOCK, 

Of theseverni rocka in (hesedinientiiry serieti 
certain relatively pure riohnnites and limestones 
ajjpear lo bo the most favorable formations for 
ore deposition. 'No ore deposits, except a few 
small rpmrtK vcui-s of no economic importance, 
occur in the basal quuvt/,ite. or the overlying 
shide of tlic- Tintie district, nor in tho arenace- 
ous nnd shaly limestone of (lie Humbug 
tomiation. Tlie deposits of lead ore at or close 
to the quart/,itc-shale contact in the Tintie 
Standard mine, in the East Tintie district, owo 
their prest^nce more to theimpotntdinginthicucc 
of (he shale than to the fnvoralvJe chaiacter of 
either rack. I'ew ore bodies are contained 
in the limestones ot 'Middle Cand>rian age 
(Teutonic, Dagmur, and Herldmcr limestones 
and Bluebird and Cole Canyon dolomites). 
The ores of tho Bullion Beck, Eujoka Hill, 
Centennial Eureka, and Gold Chain nunes 
occui' in the Ope.\. <lnlouiite and Ajax lune- 
stone, but these formations contain few de- 
posits elsewhere. The shaly Opohonga lime- 
stone contains some ore m tho Grand Central 
mine, but is othenvise generally unfavorable. 

The Uluehell doloniite eairies many of tJie 
gi-eat dcpti^its, such as the Genuni, Chief, 
Eagle and Blue Bell, Vi^'toria, Oi-and Central, 
and Mammoth, llio Gardiner dolomitfl con- 
tains some of the ore bodiM of tho southern 
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part of the Iron Clossorn voiii but 13 gciicriilly 
UnprfjduetU'c. 

ill Liir upjKT i>u:'t of the Vine Ciinyon lime- 
stone, 200 or 300 feet bi>.low tiie top of tho 
fornitition, liv- somo thick beds of conT-ar 
grDimliU" linioslflne, ami those beds, north of 
tho Sioux-Ajiix fiiult, contuined the rich orp- 
bodh'iH of the Iron BIo,syom, Sioux, Coldrado, 
mid Jk'"d< 'rijnn<'I miiuis. The Godiva ami 
Mny Diiy niinos iirc (dao in tho Pino Canyon 
foniiutioii. Thi.-i ore-heurlnj^ limestttne is very 
puri^. Ono uni'.lysis jj;ivon hy Jeruiey ' shows 
08.75 per cent ciilciuni onrbonate. tmco of 
n"i».rr;iosiii, O.'in \wv cent oxides of iron and 
ulu/ninu, 0.20 percent silicii, (ind 0.65 per cent 
orgnnio mutter uud loss. When broken tlus 
lunt«il.ono gives a fetid oih>r. but thi^ ia also 
observed in some of tlie dolomites. 

The follnwin;^ unnlysew aro given by Towci' 
and Smitli:^ 

Arutlyifan/atrbonatrrtxksfrirm llw. Tindc dinL'-iet. 



SiO„. 
Fe,f) 
CaO. 
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2 


1 
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1.33 


.ly 
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.00 
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b>2.M 


&6.22 


18. r,:i 


.60 


.41 


■11.77 


■ti.Tii 
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1. Cole Canyon dntooiile. 

2. LiJiHir iHirt tj( Ajax lioie.toao. Tho A jax in for ( ho 
mint purt DiiTe muyncsian than this uiialwi.-; woulii 
indicaui. ' 

3. Upper iNicl (if Pine Canyou liiucsloBe 

4. StWiily firuotluuo ID iIurDbuafi.irnin.tinu. 

TLio IJlueholl <iolomite is fine grained and 
many of ita l>eds aro colored dtirk by (u-giinic 
miitl-or. An Jinnlydis averaged from six ^ '^ivvo 
the fulluwiiig results: Crileiura cnrbomite, o5.:iS 
per cunt; r.mgiiosium onrbonate, -12.84 percent; 
silieji, 0.(10 per emit; ami nndtttcrmined and 
loss. 1 .13 JKM' ren(. 

In the jiullioii Ilcr.k, ICuroka HiJl, and Ccnten- 
nuil ininev* tho nicks nn^ in j);irt niftgDosifin iind 
much (if the ore is in llie C)j>ex dnlmnitr. llie 
dol<iinit» appears to bo vehitively inipm'O. Aj\ 
avorag;'* of eeven analysi^^ of specimens from 
"tiio vicinity of the liuliion IJoek inJrie,'" ' <>ave 

■ luiiwy, W. I'., Thu:?%«niUirya(ar' Ji>r*)«Ult>ii: .Viu. liKt.Min. £ait. 
rcuns,, vol. 3.\, ]i. ATS, li>Tj, 
»'i'.»Ho:, C. W..Jr..nnaamlH>, (i. o..(ni. cil., p. t.a. 
> )i)mu, )i. it;. 



eiilcinm carbonate, 48.76 per cent: mu<;;nesium 
carl)oiiiite, 35.4:i per cent; ferrous ciu-bonate, 
ii.Ol per rent: siliou, 9.67 jier cent; alomiim, 3 
per ceut; and organic matter and loss, 0,-33 por 
cent. 

Tiic nbore stiitemonls mnko it clear Umt the 
ores din'clopo.d morti readily in tho purer dolo- 
miti's and limestones; that in certain rocks c, 
^■:mnlar stvueture was fa\orablo; Ihat some 
dohnnii<v in whicli ore formed avorivged 10 por 
c(int silica but tlmt. moro sUicfL and alumina 
wa.s probably uiifa\'ora\>lo for ore deposition; 
and that while, orgux^lc matter is mli^'o^sdly 
]n<vs(iiU it dinis not seem to havo bad a deter- 
mining iiiXluenco on tho couiso of ore depo- 
sit ion. 

OllK BODIES OF TH1E GEMINI ZONiG. 

In the Gemini mine the ore bodies oe^ur as 

podlike masses or small pipes along four al- 
most veriical fractm-o zones wliJc'i strike a 
little eadt of north and practically coincide 
with the strike of tlio dolomitic bods. Plat« 
XXXI lUid figm-e 25 (p. 1S8) show them in 
pUm and cross section. A longitudinal vortical 
proje(!tio:i would show that many of thoso 
bodies are extremely irregular nnd in placos 
jiiinoil by pipolike coimcctiona. This feaiuvo is 
iUiistratod in figm*(i 26 (p. ISO), which shows the 
oecTUTenco of tho deepest ore body in tho Gom 
chaimeJ. 

In the plan (PI. XXXT) tho indnencoof cross 
fracturoH is soen to be marked in several places, 
whom the orcas follow tlieso fnwHmvs and give 
rise to- U-*>bnped l>oflies. Fow of the oi-e bodios 
uro lai"ge, Tho central parts of tiic bodies are 
usually the richoi' and are surroamUul by 
poorer jasporoid. 

A tendency to northward pit-ch i.s neon in 
n\any of tho ore bothos. In tlie Com channel 
no ort« occur above level 12, but in tl\o Bullion 
Bock mine tho ore of tho same cbiinnol lies con- 
aidoralily liigher. The most northerly' ^vorlvings 
m tho Ridgo and VaUey property Uo on levels 
14 mid 16. The largest bodies ore fomul in tho 
T;uik and Rod Bird channtds on l4'.\'-ols tiOO ami 
700. Tho pecuUur ore of the bodies in the Gom 
channel is doscvibed in more detail on pago 177. 

Tho ore-bnaring fissures coutinno southward 
into the Bullion Beck miuo wlicro they form a. 
similar scries of podlikc bodies (tig, 26, p. 189). 
Tho Gem channel and a more easterly fracturo 
zone, called tiio Enroka chamu'l, arc tiio most 
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productive imd locnlly follow a south-soutlipost 
swing in the striUificatioiu Soulii of the shaft 
thoy rtpnrourh within 2f}0 f^nt. of oacU *>tlu>i% 
oiifl the ore bo<Ucw of l.lio two conlc-sco to a largo 
pod, ■whifli in pltKMiw is o\'or 100 frot iu dinnio- 
ter. In purt this pod in hi tho Eiwoka Mill mlno, 
in wlucli tho largcKt ninsscs of oi*o wore juiiieil 
on lovoU I to 6, while explorations of lowor 
Icvals tlid iu>t disclose much of vuluo. (Sco 
figs. 2.S iniJ 20, pp. 105, 19G.) In tliosioutheni 
pai'l of Iho "EurtiUu Ilill iiuue tho two chunucls 
are again distinct, tiu-n more nearly north, Hud 
fonii the largo hiuI contii\uoiiii bo(h<i3 of tho 
Silver Gom slopes, roixcliing fn>ra Icvol 9 of the 
Eiu'cka Bill up lo lovol 4. This Silver Gem 
ore body is 60 foot in ruftxinium. width and is 
coTitinuouii on son\o levels for 700 feet. Any 
longituilinal section of the ore hoilJcs along the 
channels is likely to be very irrogulov; an ore 
body may follow a glvcu level for u long dis- 
tauc*), to connect in soino itregular manner 
with 111© oi'o on a lowor level. 

In tho southom part of the Eureka Hill mino 
tho copper oixjs begin to appear; in some placos 
CO])por stopos adjoin thoso of lead ores, and 
some stoptis cany jiilxod loat! and copper ore^^. 
Gold ha-s begun to incn>nso in tho oro; iu fact, 
this met:il appeal's fiist in tho Bullion Beck 
mine in appreciable quantities. 

In tho Ccntonjiial Eureka, the meet produc- 
tive mino in the district, the ore begij\s on tho 
north side along thi'oo lines, known ay the 
Clem, Eiu-eku, and Now Years channels, all 
continuous from the north. Lead ores are 
present in places, but gold and copper are Ihi* 
principal metals. In this northern pert of the 
mino the chani\els arc comi)rised witliin a 
width of 300 feet from east to west ami tho 
ores form horizontal shoots as much as 20 or 
30 feef wide, much more veinllko in appearance 
than tho iK«:!a of iho more northerly mines. 
None of ihosc ores have been found to extend 
much below level 1 1 ; tho New Years chamicl 
crops out at the surface. Tlie Gem channel, 
which is tho most persistent of the several 
lines, continues southward to a great easterly 
cross break, which is accompanied byo second 
ptrallel break 1,000 feet forlher south. The 
whole cbiivacler of tho ore shoots changes at 
these cross fractures. 

Tho main ore bodies of the Ccnteiminl mine 
consist of (hreo great "columns." two of which 
in generol follow these cioss breaks, partly in 



tlio foolWiiU and parily in tho bunging wall. 
(See lig. ;i0, p. 19!).) 

The Hi^t of these, which may be called the 
Ciihforiua cohiinn, ronueiMs on level (> with tho 
Gem ehi:nnel. It extends ohhquely on the 
iii-st cross break, pitching alxiut 50" 8K. from 
level 6 to level 17, a distance of 2,500 feet, and 
havuig an irregularly rounded cross section 
measuring as much as lOO by 100 fet\t. From 
level 14 it begins (o llutton inul leaves the tii'sL 
cross break, hi the lowt^t. stopi's, called Iho 
South Dakota, the ore lies on top of a flat 
intrusion o'" Swansea rhyolite porpIi_i,-rj' 20 lo 
FA) feet thick. This fJHttening tdso has some 
connection with the iittituee of the strata, 
\\'hieh at this depth of about 2,0(K) feet havo 
decreased their dip, iin<l this chuiige iu attitude 
is accompanied hy much hreeeialion of tho 
limestone. 

As the California colunm is related to tho 
first cross break, so the oli\er two co'uums are 
dependent upon tho second cross break or, 
moro speciiieally, upon the uitersection of this 
break with a strong northerly fracture, called 
the East Limit, the pilch of the ore coinciding 
roughly with the dip of 70" S. of this second 
cross break. 

Just as tho Gem "channel" leads into tho 
Oalifomia colunui, so there are two norihei'ly 
fractures 500 and 1,000 feet southeast of tho 
shiift which lead mto the second cross break. 
Tho fii-st of these lic3 along the so-eiilled Big 
Platform stopes on levels 2 oud 3, whii'h at 
first are nsrrow and then witlen to 70 h^et in 
the Montana stopes. On tho south side of the 
Montana stopes the second cross hrenk is en- 
countered, and the narrow ore is cxmtinued on 
(his plane into the big Oregon and Maine 
stopes, on levels 4 imd 5. From this pohit a 
column of oro descends st(H;ply to level 12 and 
probably connects below this with the North 
Dakota flat stopes on level 17. 

The second of the eitstcrly ''channels" be- 
gins in relatively narrow stopes on levels .5 
and 6, me*its the second t-ross break, and 
descends as a strong c^^lunui or pipe froni 30 
to 125 feet m diameter to level 14; from which 
oro connection is es'iiblished with the South 
Dakota flat slopes on level 17, which ihiK 
fonns the converging point for tho two greatest 
ore columns of (he mino. Tho column just 
described is determined by the intersot:tion of 
tho second cross bivak and ihe East Limit. 
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In depth iho ore hcj^ios to npicud lateirallj, 
lieconiiiiu; more or kss indcpondont of l)Oth 
Ibr^c struct ui'iil foul.ur(»ii. 

Ore lia-s thus far cot been found below level 
IS, but it extends! JiTe^^^ularly caatwaid hikI 
douI>tles3 oonnet^fs in smaller bodies with i\\Q 
lowor ore zone of llie Grand Central mine. 

In the Geiiiini inine tlie ore ocouis within t\ 
verUcid riuif^e of about 1.300 feet, rotir-hiug 
from 11 lowest ultitude of 4,500 feet at thy 
nortli end, whcro the \vorkin;;s arc Mtill in itre, 
lip to an altitude of .3,800 feet. In tlio Bul- 
lion Ueck and Eiirckit, IIUI mines the print^ipal 
ore wiiH founil liotween filtituiU's of 5,400 and 
0,300 loot. In tbeCctitcnnial Eureka mine the 
ore piiK-LaotiUy reuelied (he surfiice at 6,900' 
fcot. (>i the iiortli side it tlesoended to 5,800 
fpct, and *tt the south oml, where ttiia ore zoac 
ceases, tht'- lowest ore vfixs found at 4,800 feet. 

In very fit^neral ternw tiiewe facts niny be ex- 
pressed hy saying tliat tlic upper surface of the 
ore so foi* us showni rises in a broad eurvc from 
an nhitudc of 4,SnO feet ;iorth of the Genuui 
^:u\h to 6,100 feet at the shaft, to 6,400 feet 
at Kurcka Hill, and to 6,000 foot at the Ccn- 
toHtiiai sluift, south of which the ore th'ops 
rapidly idong I'ne dip of tho two great ero^s 
bieakit. Tho lower Umit of the ore zone, so 
far as known, liesi helow 4,500 feet north of 
tlie Gemini inino, at 5,200 t'oet near the shaft, 
at 5,600 feet in the ICiireka Hill mine, at 5,7t)0 
feet t'-t the Centcninnl shaft, and at 4,800 feet 
in tho southern part of thoOentennJid property. 

OllK liODlKri OK THE .MAMMOTH ZONE. 

Tlie Chief Ooa^olidaled mine eontaiita tlie 
most noi'thevly hodies of ttio Mftninioth ore 
y.iine. Tho limestones are covered by about 
:W0 feet of rliviilite and detrit^I material, so 
tliut no oulerops are visible Two principal 
systems of ore bodies are woiked, the fii-st cou- 
ti'riu^ uhaut 700 feet noi'thenet of the shftfl 
and eonsisting of two parallel bodies 300 or 
150 feot a[)art. Tiie ore bodies wliieh are ns 
mueii 11.S 30 or 40 feet rtide oxlend in a nort-li- 
erly direction ahuij;; imhstuiet tlssiires for at 
least 500 feet, Tho strike of thti liinesti.»ne is 
X. 111° W. and the dip !d>oiit 75° It, but in 
the 1,600 and 1,800 foot levels Hatter *lips were 
»>bs(n'vciL III places the ore. bodies arc sui'- 
rounded nnd separate*! hy largo msisaes of 
jaspofoitl thiit constitute mo of low grade. 
Ik form they seem to be a succession of ahnost 



vertical podhke or irrepular musses much Hke 
those of the Gemini aud Eureka Hill mines. 
In this nortiiei'ly s^'atem gulona und siUceous 
silver ores have been extractecl from t!ie .1,^00, 
1,400, 1,600, und l.SOO foot les'ols. 

The southern ore bodies are separated from 
tlioae just described by 1,200 feet of barren 
ground and connect with the northerly ore 
bodies of tho Bhie Bell mine, 'i'hey extend 
horizontally for 500 feet and vertieuily from 
the ToO-foot to the 1,400-foot level. The ores, 
whi<'h ure silieol;^us, carry raaiidy galena, in 
part o.\idized, with 30 or 40 ounces of silver 
to the ton. and in tho southern purt of the 
mine an appreciable quauiiiy of gtdd begins to 
appear in the ore. Copper is present in small 
quantities. 

There Ls, then, in tliis succession of ore bodies 
ft distinct northward f>itch, just as in those of 
the Gennni mine. 

In the KiLgle and Blue Bell juine the strike 
of the beds is again a httlo west of north and 
the dip 65''-70° E., shghtly fiatteJ* thiui in the 
Cliiof. The ore bodies are mainly determinetl 
by the uitcrsection of northerly fractures with 
certain strata susceptible of re]>lacement, but 
in pai't they id^o follow northeiistcrly cross 
fractures. The ortss mined are lend oro.«, oxi- 
dized in part, veiy siliceous, and in places 
carrying some gold. The ores worked iji past 
ycais were iu the southern j>urt of tho property 
and occurred in a pipoJike shoot tlniL was fol- 
lowed from the surface to a depth of 500 feet. 
The later developments are in the northern 
part of tho prcjicrty and are in gunorjd related 
to the intcreecLion of an ca-s-terly cross broaiv 
with a northerly lisaiu'e. The oro forms un 
irregular body beginning about 700 feet below 
tho surface and continuing t<i the 1,000-foob 
level, the lowest reached in 1914. The shoot 
has been followed south for 500 feet and is 
from 20 to 70 foot wide. 

A new and rich lead shoot extending from 
iho 1,450-foot level down to the cleopcst 
(1 , 700-foot) lo\'el li(?5 a few hundred fcot south- 
west of the one just described- Its structiirjil 
features liave not been fully worked out, but 
on the 1,000-foot lord it is 140 foot long and 
03 much iw 20 feet wide. 

The shoots in tho Eagle und Blue Bell mine 
thus show in tiieir successive position a de- 
cided northward pitch, similnr to that ob- 
aerved in the Gemini and Chief mines, but 
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theJ'O iiro also mauy smallor o(Tscl>^ pitching 
south and probably duo to soiithwiirJ-di]tpm^ 
cz'oss brorJvs. 

Thn oro bodies of the Victoria mine do not 
connect directly with tUosu of tlic LOiu^li? ami 
Blue BeU but lie about 500 fi;et fivrthur csst- 
They extend over a distance of almul 1,1(10 
foot, from north to south tind eonui'ct dh-eclly 
with the slopes of the Grand Oentrul niiiio on 
tho south. They do not crop out. Tlie orc-i 
uru hii^IUy -siliceoua aiul cany gold and silver 
with bunches of copper oi'e and moro I'arely 
lead ore. 

The Victoria ores form a series of discon- 
nected bodies of silicihed doloniUo, 30 feet iu 
niaxiiniim width ami very irrc;^lar, yt't clear!}' 
itrrangtd ia hne lus a series of northward-piich- 
iiig masses of ore. On tho Grand Central 
boundary they arc fonud on the tiOO and 700 
foot Jcveln im roughly hori/.outol, Hortlnvard- 
ti'ciidhig bodies, bnt a few hundred foot be- 
yond the boundary tho trend swings to N. 
20° K. and the decided northward pitch begins, 
so that '400 feet north of the shaft the jas- 
peroiil ore is foimd at tho 1,200-foot level and 
no ore lien above it, so far as knowii. Jn. 
geueriil the oi'e bodies trend N. 20° W., fol- 
lowing the strilio of the dolomite, but they 
show many local cidargemonts and offshoots 
along cross breaks. Tho dip of the beds is 
oiJy 50'^-6,5'' NE., but tlie ore bodies as a 
whole show no mju'kod tendonity to pitch in 
this direction. The determiuing inftueiico in 
the minexahzation was evidently an obycme 
fracture zone trendhig nort-hwai-d, ^-ith re- 
peated otTsets towai'd the west. What causes 
the aortliGrly pitch is not defiaitGly kuowii. 
One T>ecuhar occurrence iQ this mine was a 
nearly spherical mass of jasperoid, ahotifc 20 
by 30 feet, on the 1,100-foot level, containing 
1 to 2 ounces of gold to tho ton and a little 
silver but xio lenil or copper. 

In tho Grand Central mine the principal ore 
zone extends in tiie niairi horizontally between 
the 500 and 900 foot levois (fig. 31, p. 213) for a 
distanco of 2, .'500 fei't. Oa the north it con- 
nects with the oro bodies of the Victoria; on 
the south it coanccts with those of tho Mam- 
moth, and in tliafc vscinity the oi*c turns de- 
cidedly upward in the SUvcropolis shoot and 
reaches the surface at tho Ciinningliani stope 
of the Mammoth mhio. This principal ore zone 
intci-sects bedding and dip and in general fol- 



lows prominent noi'tliei'ly fractures intoi"s(H;ted 
by other fract'U-os trending iV. ;^0^ E. The 
Silveropoiis shoot dig. 32, p. 216) forms a ])ipe 
thai pi(<:hes 70° NW. across the stratification, 
probably following l!ie intei-scction of two 
fracture phvnos. Tlus shout crosacH into Grand 
Ce:itriU ground and contimies, flattening some- 
what, to levcJs S and !). There it turns north, 
following aslee]> lissMro, anti is i>ractically cou- 
tinnt>uy horizontiilly to the Victoria iKumdarv. 
In the Bctterny stope this ore body reaches its 
grcafest development at the intci'scction of the 
northerly fractm-e with a vertical nortU-uorlh- 
easterly fracture tiud extends fnuTi level 4 to 
level 1 1 ; its greiitest width bore is 50 Uj 70 feet. 
Tho deeper levels contain ore niaiidy west of 
t.his principiJ zone, at fii-st along the west 
fi-ssure, whicii sti-ikos north-uiM'theastcrly and 
liips Tli"* yW. On the deepest levels (20 and22) 
this ore body ilattcns, connecting with niirjor 
bodies which extend ahuost to tho tJenteunial 
E-.ireka ore bodies and which in part follow the 
stratification, in i}art the marked iiorth-norlli- 
easterly fissures in or near the Emerald-Grand 
Central faxdt zone west of the shiift. It is 
probable that tho wiiolo Gcmitn ore zone rc^ 
ceived its contents from solutions werldug 
northward from tho vicinity of the Mammoth. 
Thi-oughout the mine the ore bodies have a 
tendency to a northerly pit^^li, caused by tlieii- 
development lUong tho hitei"seetion of uorth- 
northeiisterly 6ssures tliat dip iiorth-north- 
; westerly with Tiortherly fractures that stand 
verticul. 

The ores of the Grand Ccnti'id mine carry 
niitiidy copper, gold, and silver; lend is present 
at nnmy places. 

In the Mammoth mine several ore bodies 
Uavo been worked, most of tiiem witliin 1;200 
feet north and uorthciist of the shaft. All of 
them cross tho bedding and most of them are 
determined by the intersection of two or ir.ore 
fissures striking north, uorth-uortliciwt, and 
northeiist. Tlie largest body is cidied tlio 
Ai)exshoot. It cropsout near theshaft and, in 
the form of a large chirancy-shaped miis.-*, goes 
down almost verticiiHy and attains a greateyt 
width of 100 feet on levels ].') and iC. Tho 
larger diametci" trends N. 15° E, and the shoot 
continues to level 21, where, b.uwcver, it be- 
comes of lower gi-ade. (See PL XXXIII, p. 
214.) Theshootis evidently detenuiued by tlio 
ijiterscction of systems of fractures trending 
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from north to east. At the »urfucc w'cro found 
coppor ores rich in gold ; iit duptiis of 1 ,500 foct 
a iiirgc Ipiid ahoot i"? rccogniKod, ii<ljoincd by 
a gold shoot and, lower down, by unothcr gold 
shuot that yicldtd much native gold. SLUcilied 
nick cuntuining same gold and silver o.vlciids 
(in th(! iiortli-nort.lio:ustei-ly tissures fui- ijoyoTid 
thu houiidarics of tlio ore IkxUos. A ricii cop- 
por shoot wii>i found on the Wedding oUlm 
northciist of tho «)ml"t on U;vcls 7 and S; this 
appetirri to follow a N. 30" K. ^I.•^i;ul■^; »nd is in 
pliu'ts :^n feet \virio. 

Soutli of liio Mitniuioth mine lie- the Ajnx, 
(iohl Chain, and Opohonga oro boiHe-^. The 
Ajit\ is a fhimuey of notahlo dimensions c*Jll- 
tinuiiitr fr<nn tlio surface do\n\ to iho 1,000- 
foot level nmi dcterniin»;d by a s_>'stpin of 
northe.rly imil iiortii-northoo^torly fvactui^rt. 
In thn GiiM Oliaiu and Opoiionga tiio ovtw 
fomi eUimnoy-i vxteiuliug along tho ghorl 
nortli-northcii.stnrly fissuns on levoLs 3 to 10 
of tho Ajax workings. Coppor, gold, anrl silver 
are tho ■prineipiil motols. Tlio Ajax in par- 
lieidar has prothicod a largo amount of gold. 
N^o dinwt uxlension of this zone is found toward 
the s(mth, hut a litllo wosl of the Ajax siuift is 
the Huugariun voiti, wliich continues into tho 
Ixiwer ^h^mInoth property, here acc^mipaniod 
by tho West vohi, 150 feot ilistant. (Soo lig. 
'.V\, p. 2'H).) In et^>ntrnst to the doposil^^ do- 
sciibe<l uIk)vo these veins occupy distinct and 
oiwily tracoablo figures which intci-aect strtko 
and dip and which ar«> clos«'iy followed by tho 
oro slinots. In ot'nor w*irds, the ores do not. 
spread on bechUng and crv)ss Sssuvos but ciot-oly 
follow tho path of iUo trunk fraclnro. Tlio 
tyjio i.< thus thai, of novmal roplaromont vam^. 
Bolli veins cim bo traced for 700 feci south of 
the sliaft, anil (hp very stixiply to tlio wost. 
'I'he OP'S ill tho Lowor ^InmnioLh contain jirui- 
cipally lend and silver "with sonn; zinc. 

One prinii]>:d oro >ilioot in iho form of a 
riiittoning coIuniTi lins biH'ii found 0!i tho Ihm- 
garinr. voin, mid two sinular shoots on llio wi^st 
vm\ {(ig. oit. p. 220). Tlic lower slioot lu^t.wwu 
hivels U and IS is of purtieiJar interest, for it 
e.\len«!s along tlie contact of ci-j-slullino linio- 
stone iind intrusive nion:{onitu and the oro 
oiutimiiN acR>srf. the contact into the monzo- 
nilo dig. ■■M.p.22n. In tho limestone tho vein 
c<int«iuod priucipaUy partly oxidizotl knul- 
silver ore «n<l I lie stopw are \o to 25 feet wide. 
At the contact ou level 17 the vein narrows, but 



was followed int*) tlio monzonito for 50 foftt — 
;Ui far as tho drift was acowsible. Tho veui is 
licro 4 to G f(wt wido and containoil several 
stringei-s of heavy sulphitio oro consisting 
mainly of p\Tito, zinc blonde, euargitc, and 
tolraliedrito, with a vory Uttlftguiotui. Tlioro 
is thus a marked changii in tlie coatont^i of tlio 
veni at tho contact. Tiioore from tlio monzo- 
nito that was sluppod conliihied 14 por coiit of 
copper. 

lliosG veins are not trKcoablo across ilio con- 
tact on tUo surface, but in tho monzonito and 
in n goncral contiimalion of tlio Jhtmmoth oi"e 
/.one n coiisiderablo niunber of liuUed vohis 
extend in a .south-southwttsterly dircetion 
tov.-urd tlio Cleveland and Iron Diiko claims. 
'Hic oiitcrojw of tlioso veins have hcou traced 
on rlalc III (in pockot). 

The practical c<aithiiiity of tho Mammoth oro 
zo.ie from the vicinity of Silver City to the 
("iiief Consolitiatod miiio id beyond doubt, 

Tlic idliitudo of the oro bodios above, sea lovol 
may he briefly sunmnirized. In tho monzo- 
nito tho ore crops ont at 0,200 to 6,S()0 foot. 
In tho Lower Mammoth it rangi^s from 4,!)00 to 
B,400 fcot but dooa not crop out. In tho Ajax 
the oro ranges fi-om 6,000 to 7,000 feot and 
ro«ch€s tho snrfaco. jV much \vidor iritoi'ViJ 
has been found in the Maninioth, in -which the 
ore bcs between 4,700 and 7,f}(M) feot. ?Iort.h. 
of the Mamonoth tho oro nowhoro roaclnis tho 
surface but shows a markwl tondoncy to ftiUow 
ft higher horizon of about 6,400 fcotf though 
locally it pitches on other lissui'os t-o connect 
with the CenUiunial Kureka oi"e,s a I tho low 
altitiulo of 4,900 feet.. I'Yom tho Victoiia 
tiu'ough tho Eagle and Blue Bell and Chiof G^n- 
soUdatcd mines t!ie oro piichos northward in a 
serit^ of detached bodies which reach tho sur- 
face at ovJy one point on tlie Eaglo and Blue 
[ioll, at 0,040 foot, and which descend to 4,700 
feot in the Cliief nuiie— about the same 
aititiido as that of tho lowest oi-e iu tho Mam- 
moth. 

These figiu-cs disclose no marked rule or rog- 
uhirily oxcoi>t for the northerly pitch from the 
Victoria mine, and tbis, as in tho Gooiini oro 
zoim, ia probably duo l^> tho preminoral valloy 
of Eureka Creek, which before tho minerjUiy.a- 
tioti became lilled with an im[>ormcahlo blanket 
of clayey rhyohlc, thus proseiiung an olisluclo 
lo tho froft movement of tiio orc-dopositing 
solutions. 
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OHK IIODIKS Of THE CODIVA 7.0SF.. 

Tlie Godivu zone is trawablo from tlie Go- 
divn mine nlmost due south to tlic monzoniU-. 
coiitiK't, n liistniu'oof 2.V mihrs. Silvcr-loadi ores 
proflonHmU<' from the Godiva lo th«> Northern 
Spy, u disltuico of lA miles; tho on-s from (ho 
souUiorn \M\vt of the zone oontiiln mninly 
coppor, {XoM, und silvor. Comparnlivcly little 
work i^^ Vieiiif; done in the mines nf ihis zone. 

Th(i Oofhvti shui't. is 1 niib eiist of ICurekn 
iie»r tlic poinl. where the Limestone ridge rise.-; 
bohllv fihovf Lb.e Pnekiird rliyohto. The ore 
bo(hos folh)w tiorllicrly frttetures on Ihe sfee[)ly 
di|>pin,cc liniestiv'ie sfnitji imd show lorid dcllee- 
tioiis nleni; cross f nu' lures. On the u]);)^!- levels 
1-hc. sloiH's extond nltnost continiumsly ftn- 3(10 
foet north :ind .">00 feet south of the yhaft nm\ 
have a mrxiniuni width of ilOor^Ufect. Below 
tlie 30(t-f(Hit level no larLre ore hndies have been 



I'ndo Sum elnitu. The. ore body was ,'iO feet 
Ion-;, .lU U) no feet liigh, imd iA to 20 feet w-idc, 
and the ore iiveraged 75 per cent of load und 
aO ounces of silver to the tun; the aftlonn di- 
rocliy adjoined tho limestone wall rock. 

The pi-in' ipal ^^■ol•ldnlrs of the lower levels i:re 
on the I'hist ehuunel iind are best seen on tho 
■275 aud 5(H( foot levels of tho Uni-lc Sam shaft, 
where t!u! ore bodies lie pnniUel to the bedilini; 
on the lower (east) side of a dike o( rhyolite. 
Galenn oi-e is also h>nnd on lower lovel.s iti tho 
form of narrow pipe?!. In these bodies the 
jifulonu ore rrenendly adjoins the linieslone 
diree.tly wilhiuit n ninrjjiind /.one of extensive 
silieirieatiim. huthir^e hrer-eiatcd and silirified 
masses with u low tenor in silver are also found 
on tho SOO-foot level. l.houf;;li not in linewilli 
any known ore ehtiTineh 

On tlic May Day elaim alonj; the Kust elum- 



found, A few irn-gulnr and small masses of ore "*'" =^"'"'^ bodies of jjialenu ore have been workeil 
wore fonnd in tht* limestone oust of the. main »" *■'»*" upper levels, but they j^enerally follow 



liodies. The ores ure maiidy galena, pertly 
oxiilizod, enrryin^ about 9 ounees of silver 
to tho ton. S(»nie oxiflized zittc ores have Ihhmi 
mined lately ne.ar the old stopcs. It would 
probably be advisable to seek the contiiiuatiou 
of the ore farther to the north and on the lower 
levels. 

The t)re bodie.^? of the May l^ay mine lie 
100 to 300 feet (.o tlio east. \Vliat is Icnown as 
the Godiva or West channel (whicli, however, 
docs not connect directly with the ore bodies in 
the Godiva mine) is continuous onl}' for a few 
hnndrcd fe^-f, but 20(1 feet to tho east of this 
the N'ew ehaimcl or East channel extends for 
1,400 feet as ft seines of irreg\dnr bodies, con- 
necting wi'.h the Yankee worldugs on the.s.outh. 
The workings on the West channel evidently 
followed fractureii extending north or north- 
northwest. Que of the stopes is 100 feet long 
and as nnich as 4() feet wnde. Tlte bodies 
reiiehed within 60 feet of the surface and at 
most 2(10 feet below the tunnel love!, so that the 



tlie stratilieation, wliieh hero clips .'^o^^O" K., 
and arc in phiees unflcrbdn by secondary oxi- 
dized ziui: ores. In some slopes a limonitin 
nuUoi'ial iliree.tiy undcrl>iji^ the lead has been 
Connd to be rich in gold, tliis doubtless also 
representiuix an eiiriehniont. 

hVom the May Day claim tlio Kulena ore con- 
tinues southward along (he sumo line but fol- 
pnvs the slrnlificatiou along a coarse-p-aincd 
bed in the Pine Canyon limestono. These 
bodies, which have been worked ulmost con- 
tinuously through the Yankee imd old Hum- 
bug; (now UntJo Sam) mines, evidently follow 
an obscure northerly fissm-c along its inter- 
section with the favoraitle limestone !>ed, but 
in places the ore seuds out branclics sev- 
eral hundi'ed feet eiistward along cross frac- 
tures. TIic individual deposits are us.inuc-h ns 
sovonil hundred foet in length hut oidy n few 
feet tluck and lie idoug: the beds, wliieh dip 
10°-:J0*^ 10. At one place on the Unndjug 
eluim a connection seems to bo establLshod 



verticnl extent was about 400 feet. No exten- al"iif.' ^ ''ross fracture with tho oro !)odics of 



si^'e silieilicfttion accompanied the minerah/.a- 
tion, and tho ore consists of partly oxidized 
galena. Sorno ore bodies form iiTcgular cluro- 
iieys or pipes 4 to 6 per c«nt in diameter, con- 
taining almost pure galena. 

Jenney ' doacribes the oeeuironce of a re.- 
markftbly largo ino^s of pure galena in the 

t Jiiunvy, W. r., TIie> chomi -lo* uf oro depGdiiam: Am. Iiut. Wm. 
Sag. rrana., vul. '4S, p. -VM, lUOi, 



the Beck Tunnel mine. Locally tho oro nmy 
oc^;m* in nanow pipes and eliinuicys. The 
silicificntion docs not as a rule oxtt^nd far be- 
yond the ore. Tltc ore bniUi's lie between alti- 
tudes of 7,000 and 7,300 foot, oidy « few luni- 
di'cd feet, at most, below the surface. No deep 
exploration ha,s been andertaivcn. Tho silver 
content reaches oU ounces to the Ion, and llie 
ore contains a little copper iiud yold. 
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South of the Humbug mine the ore, which 
lUrt lon{^ been mined nut, lollowed pcj-^i^tonlly 
'he same hortzon in the Pine Canyon liincsU^iie 
iiul wiirt conUnuous for a diHtamt! of 5,000 I'oct 
roin tiio Utidi to the Xoitiicm Spy. iUniijr 
tliis southwurd liuc, prcbuimuhly ropivsontinj; a 
frHcfjUre, whieli, Iiownvor, is ohseuiv. tlio ore 
lay iiionfj; Uh; dip (>iay 40*^ I-l) but was in phiOLS 
ilellccied idoiig ciwlcrly cross fraeturt's. The 
oi'c ho(hes wero from 2 Lo oO feel wiile. The 
pUitude of this neai'ly horizontal ore channel 
is ubout 7,300 feet, Tiie ore- in similar to that 
01* Uir. Yankee and ITumbuji; mines. There are 
110 wide /,une.s of sUii,'ificatii)n. 

South of the Nurthurn Spy jiiino tlie ore zone 
<'r(isscs tl'.e Sioux-Ajiix faul' ^vitVionl inarkod 
(iellcctii)n, turns south-southwest, and^ enter- 
ing the liluehell fomintion, ttsMumest a distinct 
Vein form, In the C'nrisa mine YnInid)U^. bodies 
of copper iiro were nuned from the ^iuvfucc ver- 
tieiiil3' (lowr. to n depth of 700 fe<H.; the shoot 
or pipe litid n liorixontiil ]cnp;tli ot' 500 feet and 
wa^i lit uiost 30 feel v/itlo. At a dcplli of SCO 
feet thiw eopper shnot entered the Viotor mine, 
iidjoiniu|jj on the south. The oi-e wiis siliceous, 
eontairiinf^ (juartu, barito, lunl cnargif.o, wltJi 
some gold and as iiineh as 25 oanecs of silver 
to tlic ton. Ko deeper oxph>rution was under- 
take!!. 

South of the Cori^Att tho ore zone appears as 
more or less continuous veiri.«. In the ^^ilitor 
mine the end of the CcrJsa bliu<it was soon 
found and small bodies of nraeuieid eopper ore 
wore mined n:i the lower levels. No explorft- 
tioas were r,n<tevtiikon below the SOO-foot level. 
The ore followed N. 'S5° I*], and uortlierly frac- 
tures, and the vein, which is r.untained in 
eontae.t-nietaiuoipUosed linn^tone without 
plain bedding, is from inebiw to a few feet 
wide. 

In the southerly eontinuation of the \'ictor 
property e.xteuds the North Star vein, which 
almost reae.hes iho inonnonito contact. This 
vein is eontiiined in contaul-nictamorpldc 
Uinestorie and has been opened to the 600-foot 
level. The ore-bearlitg fis-;iuro ha-^i been traeed 
fo:- 1,500 feet on the surfact! ami is almost 
vortieiil. The ore bodi<^ follow novMi-nortli- 
ea-stei'ly li^sures willi local olfset^ on easterly 
cross fractures. Their maximum widtli is 30 
feet imd iisuall}' uppciu-s at the intei-seetion of 
sovend li.-:isnres. Tin: sloped ore bodie^i do not 
seem to have extended far below the 300-foot 



level nor more ihan ."500 feet on each sitle of the 
shaft, ^^le ore eontitined eopper, lead,, silver, 
and goldj and gold occurred in unusually lai^e 
amounts, forniinj;:; two-t.liirds of the vahie of 
the ore. Tlie fi»ur shools kno\\ n are said tn 
dip went and pitch uorth; throe of iheni were 
dislin<:tly fjold hearing, and the fourth carried 
nniinly lead and .■silver. 

Tlie ore Ixjdits oi' the Gochva zone cxtond 
for a distauee of 2.;. miles from north In south 
along a fisjiure which stmUi of the Nortliern 
Spy mine tni'n.s to a south-Houthwtistorly direc- 
tion. liVf)m tliis turning point uortliwiird the 
ore occurs in linear l)odie.s that <>xtond iu 
general horizontally, closely folloNxing a bed of 
course limestone in the Pin*--. Cunyon forinution. 
Theii" widtli from east to west is conipara'Lively 
small, and their thieUness generally k'l^ tluin 
10 feet. South of the ttirning point mentioned, 
which coincides with the Sioux-Ajax fault, the 
deposits assume the form of nearly vertical 
veins in eryslailine limestone, but the ore 
bodies are still coidijied within a relatively 
small vertical interval. In this area copper 
ores with more or less gold and silver rephice 
the lead ores of the northern part o:' the zone. 

The most remarkable fact about this ore 
zone is the persistence of the ore bodies witliin 
a small vortical interval, for they ftrc confined 
between altitudes of 6,5t)0 and 7,500 feet and 
the lowest limit is reached at the north and 
sou til ends, in the Godiva and Kor'h Star 
mines. The greater part of the ore zone lies 
at altitudes of 7,000 lo 7,aOO feet. Deep 
exploration hns been attempted in few places 
and generally \\'itb poor suc-cess. ITiere is, 
however, n strong poaaibiUty that the ores may 
be found to eoutinne north of the Godiva with 
a ttorthward pitch, as in tho Gemini and Mam- 
moth ore zone. No development work has 
yet been done in this iljroction. 

OftE BODIKS OF TliE ITION BLOSSO^f ZONK. 

Th»:? Iron Blossoiu ore zone is tho most 
easterly of the main Hues of or6 bodies. It is 
olso the most remarkable of the four zones and 
in many respeel.s unique. Tlie slopes are 
praelic^illy continutnis for 7,000 feet iu a hori- 
zontal direelion.and the tx>tal length of the zona 
is 11,000 feet. (See Pis. XXXV and XXX\T:, 
in pncJvct.) It differs fnim the other 
zonen in containing a sjiiglo main ore doiMsit 
that is continuous throughout the zone from 
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the contncl of tlio Lmcsttuic uiul nimizonitft 
porph_\Ty on the soutli to ihv. BfcU 'J'unncI 
mine un tha north. The northwnrtl omtinn;!- 
tion of the wMic hiis heon sought by dwp tlcvcl- 
upnient. in tlic Yniikoc mitic, lint so ftir with- 
outsncccss. It \\-iU be convoniout lo hojiiii llic 
description front tlie south end. 

Briefly, ilic deposit bogiiis iis i\ \vcll-tlotinc<l 
bnt ti:UTow vt'in nnd kocps tliis ciiaraclcr, 
tUouj;;h becoming -wider nnd more produc<ive 
novtliwiird to a poir.t n few hiutdreil feet south 
of Iron P»lossiimNo.3.sltiift, wlieieiteiirtHiiilera 
the Sioux-Aj;ix fuuh. North, of (his fuiilt. the 
deposit forms n hneiir body cxteixling for T.Ol'O 
feet in tlio general direction of the vein, 
approjsiinntely ah>ng- (he. hxif of (lie great 
Tintie- sjiteJitie, nnd foUovinng eertnin bods of 
coarse gray limestone in llie upper pari of the 
Pine Canyon formation. 

Siiver-lcad ores an*.! qinirlzose silvor-gold 
ares ^vita a little lead preiloniinritc from the 
north end to Iron Blo.^soni No, 1. South of 
tliis point copper ores liegiii to occur mixed 
with ores of the types just menCioncd. A 
great deal of work has been done ttlong tliis 
zone of late yeai-s, purticuliirly in the Iron 
Blossom mines. Although the vein deposits 
i\t the south end have been known for a long 
time, the notable production began in the 
Beck Tunnel mine in 1Q05 and in the Iron 
Blossom in 1908. 

The developments in the Dragon property 
have shown that tlie outcrop of a narrow vein 
intersects a body of hnionite iron ore on the 
contact of raonKonite porphjTy and livne- 
stone. South of tho contaet the King James 
vein has been opened in the general direction 
of the Driigon vein, but no actual connection 
Inia been traced across the contact. The 
Dragon vein has not been foimd prohtable, 
though a httlo lead and copper ore taken 
from it has been shipped. It is eontnincd in 
contact^inetaniorphosed hniestone. 

About 300 feet east of the Dragon vein in 
tho Dragon shaft another vein haa been 
exposed which possibly corresponds to tiic 
Turk vein, opened on tho surface farther north, 
but which has not been found productive. 

Froni tiie contact tlie Dragon vein is traco- 
ablo on the surface and has been opened in tho 
shafts of the Blai-k Dragon, WliiLe Dragon, 
and Governor, nil (.hi'ee of which arc at nn 
altitude of about 7,050 feet. Tho strike of 



the vein is N. :io^ E. and the dip is S0°-S5° 
ESFi. Tlie vein is narrow. Silirified lime- 
stone and barito form tlic gangue, and galena, 
einirgite, tnul their oxidation products are the 
ore luiiierals. The ore contains also u few 
ounces of silver and ns much as O.S ounce of 
g'>ld lo the ton. Ore from several phu'cs, 
particularly iutei-sectituis with northeast erl}' 
fraetures, has been shipped, hut no large ore 
bodies have, been found. 

The persistency of the vein is shown by deep 
th'vclopmeiits in the Dragon tunnel {altitude 
G,(>75 feet), tht^ crosscut front the Noi-th Stsn' 
mine (nllitudo 6,650 feet), and drifts on levels 
0, S. lUid 1!) of the Iron IMtfssoni No. I sliaft. 
On level S the vein is 4 feet wide and shows 
much linioiiito, copper stains, and a narrow 
streak of p>Titc, enargite, and baritt^ In 
placea the ore gives high assays in gold. On 
level 10 (nltitude 0,100 feet) the vein intor- 
sects the linestone us a tight seam continuing 
a little (jMarf/., galena, and barile. 

In the vicinity of the Iron Blossom No, I 
shnft the deposit still ununtnins its vehi 
character. (Sec fig. 40, p. 243.) It lies in 
fine-grained dolonute which dij>s east ov 
northeast at angles of 20° to 'AQ° and probably 
shoxild be identified \\'ith the Bluebell dolo- 
mite; the lowest levels of tho shaft, which is 
1.900 feet deep, are probably in the Opohonga 
limestor.e. Dikes of nionz-oiiite porph\Ty arc 
observed at many places, and at their contacts 
some minernliMation has occmrod. In places 
the limeatoue is metamorphosed near the 
eontnet. 

TTie principal ore bodies begin a few himcLred 
feet south of the shaft but arc coiiiiiicd mairdy 
to levels 5 and 6 — that is, to altitudes of 
6,800 to 6,000 feet. Here they ore from a few 
feet to 80 feet wide, Init they <'.Qntract sharply 
on tho lower levels, and except to the south, 
in the Go\'ernor claim, the vein is not deTmitely 
traceable below level 11. Iron-stained crop- 
pings show near the shaft, and on level 2 the 
vein follows locally the contact of :l dike. 
The prineipal ere bodies (Pis. XXXV and 
XXXVI, ftga. 40-1:1) arc 100 to 150 feet high 
anil 10 to 50 feet ^^'ide aud extend ahnost 
contiuuitusly through the Iron Blossom No. I 
frouiul. Tlie linuvstoiie walls are well marked, 
nnd the vein consists of silicified limestone 
that has been brecciated and cemented by u 
loose sugary quartz and sliowa in places 
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Hbunilant liraonito stuins. Here ftiid tlici-c 
Iho ore is sun'outidod by lar;;c massed of silici- 
fiotl rniiostony. On an avcraj^R the nic may 
coiitiiii! S5 in gold iind 20 oiiiKxs of silver to 
the toil, with somo lend and copper. SiimUer 
bodies of copper om idon*^ tlic iiuirow (issuro 
liavc been mined on J<!vcls 6, 7, S, and i 1. 

The uiflin ore hody continues al tho shithj 
gonortd horizon and with similar dimensions 
for 2,I0Ofwl,sinkin{jgradii:illy jibouL 100 feet, 
or to altitudes iHttwecn 6,700 atid O.SOO foet. 
Ix^^aebinj:; uud amtracfion of vohune during 
oxidation iiiive idlowod u pjiiL of liio rooi (o 
gjvo way, and a large cavo has been i'tn'tJUMl 
above the oi'o l>ody belwuen Ko. i and No. 3 
sbafls. In tb:s vifinify no (Uvp e.vploration 
hii-s Ix'Oii iinderliik(.Mi, hut. a imrallcl and Rnialbr 
voiii, lijtowni as l]ip Kust vein, lias bien d:s- 
I'ovoiTd and is locally of eoiisiderablo inipor- 
taiieo (ri. XXXV). Ill eorliiin ptvts of iUs 
c<niiso Ibis volti eontsiiw copper wilh l>arifc 
and nnich linioiiito. 

Tlio Iron lUossom oro botUe-^ cro.^s the Sioux- 
Ajax fault 4(K) fof^t sout.h of Nn. 3 shaft, in a 
confused and prontly disluibed zono 300 feet 
wide. I'^i'nnt the Bluebell doloniito on the south 
t lie drifts hroiik into the upper he^a of the Card- 
nee duloniite, incJuding etirbuiiaeeou-s beds at. its 
top, and linaliy (Miter the Pino Canyon limc- 
sloue, Tiie dips of the liiiiestono iucrco-^c to 
40° and cron 00'^. This faulting finds expres- 
sion in the Dxten^ive silicifieation of the lline- 
slonn and in tlie local interruption of the ore 
bodies. Tlic first body of ore encountered in 
the fault zone lies in u (rnnsvci-se or easterly 
position for a distance of !fiO feet and extends 
50 feel above and (30 feet below Ihe 4S0-foot 
level of tlie No. 3 shaft (altitude 6,700 foet). 
About 1*00 feet farther north (ho fa\ilt is erosycu 
and tho ore begins lo develop in the coar.se 
Kftty limestone of tho upper memhei"s of tho 
Pine Canyon formation, pruclieally along the 
Hat heds of the syiiclinal axis. To tho end, in 
tho Jierk Tiinuol mine, through the Iro:i Blos- 
som N"o. 3, Sioux, and Colorado mines, this 
wondei-ful linear body continue-^ without intur- 
niplion for 3.000 feet struiglit- north, at alll- 
tudes nuisin^' from P.SOO to 0,900 feet. This 
shoot may bo con.sidered as a o, 000-foot hori- 
zontal pipe formed by the intersection of a 
\Trlical lissiu'e with a certiiiii bmestoiu^ bed 
that was particularly susceptible lo replace- 
ment. 



No vein is jmw visible, but nevertheless tho 
ore lies in (be direction of tho vein, and luauy 
northerly fractures which worn no doubt fol- 
lowed by tho solutions deposiLim^ I he ore may 
bo notic-e^d- The ore body foi-mod by replace- 
ment lies confoi-niably to the .strntifica.tion and 
has a width of '20 to 170 foot and ft height of 20 
lo eo feet, hi Iron Blossom No. 3 tiio dip of 
Iho ore is 13^-20*' li:. Farther north tho re- 
placed liineslono bed is ahnost llut. 

Tlio dimensions rriven aro f hose of the stopes, 
but I be deposit is really hiJ-ger, for in meny 
pkc*K the ore is adjoined by largo masses of 
(lark fino-t^raincd siliLificd iimestonc, which are 
partieidurly abundant in tho northern and 
southern parts of the ore body- 
In tho north end of the Beck Tunnel mine 
the depasi( encoiuitei-s a number of cross 
breaks, and there is sonic endeneo thiit tae 
depositing solutions were diverted from tho 
northerly fissure at this place and followed the 
cross bi'eaks upward and westward inlo lh3 
Humbug replacement bodies of the Godiva. 
zone. (Sec Pis. XXXV and XXXVII.) If 
this inference is coiTcct, there is littlo use of 
attemptbg to find the northward continuation 
of the Iron Blossom ore body. 

The lonptudimil section (PI. XXXVl) shows 
tiiat tho oro pipo lies about 60 feet higher in 
Ihe Colorado mine than elsewhere, and also 
that in part of the Beek Tunnel mine it lo- 
cally sinks somewhat below tho prevailing 
level of n,S50 feet. The'^e slight differences of 
level are probably due to local divei'sion of the 
ore-foiTiiiiig solutions along cross fractures. 
One mitilced fault older than the deposit is 
crossed on the Colorado grouml and finds ex- 
pression in brcccialion with but, btllo vertical 
displacement of (he ore. 

At the north end of the Beck. Tuimel mine, 
whore Uic ore pipe ceases, several smaller ore 
bodies occm" within the sUic.ified zone and 
within e. vertical interv^al of 400 feet, giving ia 
cross section a suggestion of a v(?in. Tlio shuft 
has been suidi. to a depth of 1,140 feet, and a 
small amount of development work has been 
done i>n several levels, but no defiiiilo fissm-e 
that coulil be connected with the ore bodit^ in 
the upper levels has been fovn:id in the lower 
levels. 

The ore in the southern part of (liis pipe in 
Ir(m Blossom No. 3 ground is similar to that 
near Xo. I shaft but; contains more lead and 
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perl:aps loss linionite. It is very hilitcim:^ flud 
TTLUch of it is 8up:«ry. The ore sliippcd t*tm- 
tainotl aL iunsl 15 per cent of lead; the so- 
cflUetl silioeuiis ore <H)ntaints oivly iiboiit 1 per 
cent of lenil. Both cenisilc and pilpna ovc 
present.. Tlio. silver nuipes I'rom 20 to 40 
ounces to the ton, tiiul the guhl I'rom S3 lo sfi. 
The sugfirv and drusy qiuirt/. \vhielt in plftci-> 
ccnxents the dnrk silieified brceriatcd limestone 
contai^^; some liarito plates, 'llicre is proe- 
tienlly no copper. 

In tho (.'olorsido and Sioux mines the.rc is 
mueh nioi'O lead in t :io ore, wkieh averaged oi\ 
the \vh()lc 45 per e.ent of lead, with 45 ounces of 
silver aud S4 in gold to the ton, but eonsideniblo 
masses of low-gi-atlc imd higldy silieoous ores 
reniiiin both in these mines nnd in the Bcek 
Tunnel mine. The arc. shipped from the Bcrh 
Tunnel mine avemj^ed 21 pcroentinle:id,witIi2I 
ounces of silver, nnd only rtbout.S2iii;^old lo the 
ton. As eLsowhere.j the ore is hirgely oxidized 
and e.ontains drusy or honoyconibed quart/.. 

MCVER.VLS OF THE ORK DEPOSITS. 

GANGTIE anKERALS. 

Qimi'lz (Si(])^). II<.-xa},'»ii:>I; niu^lly na conalituciit of v."rj' 
Linc'-jrruinid ^ay t'l* bluLsli jn.Hpcroid roplatiui; linti- 
sinneovilolomilo; i:i cniBlsof ."Jnall crj-slalanu jospcr- 
oitl or luniic; rcplacin;; hnrite. 

Chalcedony (SiO..). Crv-ptocrj-^tallinc; vciulolsftDd apl.i-r- 

Cali-ile (f^CO,). Uhonihohrdmi; in ■calcuolitdrona hi 

CHVided of IlmeBtcitc; in — ^Rrticuibohrtlronson oxi- 

elided ore. 
Arajionilo (CaCO^). OrlKoftionibic; in caven uud ou o.\i- 

dixed ci"e;prj*3t3 luid iieodlcv; oontiunsalitlle /.iiic in 

[iIjic««. 
Dalomit-3 ([Ci.Ml^lCOa). Rhombohcdral; coir?eIy cr>s- 

talUnc nitiwioa in bcdu of Ono-ji^rainod dolomite, 
AnkcrttQ ([Ca,Mt;.ro]COt). Rliom^Kbcdnti; co.-.m-Iy 

tiystiilline niassea in brils of (ine-RTaiiK-il doloniile. 
Dariu* (IlaSOj). Orlhorhonibic; whitt% labidur crj-alala, 

in JLisperoid or with rrys(.il;izod qiiartx. 
Gypsum (CaSO,). MonoiUric; slender cr>'8tals :iiid thin 

llakufl. Raivly in cnrliuReryulals, 
Alunilc (KjO.a.MjO^-tSO^.CIlaO). Klionibolioilnil; while 

earthy or miiMuve, like kutiUH; cooxraon. Also niicnj- 

gcopic in r<?plareuieu t quariz. , 

Mixpcl enlphate* (IMp.KG.XHal SO.+TH^O). \Miite efno^ 

repcpricce. 
Borickitp, ba-iic liydrona phtipphiileof irou nnd calcium. 

Masaivc; r(-d<litili brown; raro. 
CrandaUite (CaO iAtO, r-.O-.5H,0). Elesaffonal (?). 

•■hitc to Uplit gmy, eha<l.ingr into yellow and hrov.-n; 

hislor dull iu compact pha«] to prarly in lamellar 

phase; fine bolryoidr.l criista linit^ Civitiegin quaru- 

baritc'-sulphid*,' vein; ran.-; ni'w iqiccifw. 
Sulphur (SI. Ortluirlu'iiibic; yclloir crystals and cnistaon 

gatcna and auglenito, 



OBE MINERALS. 
GOLIl MINERAL. 

Nalivo gi>ld lAu). Iaf»infiii( ; hfi-Ju- yellow llakii*; nn 
joint i>laiiorf o( jii-tperoid in oxidizcil ori*; raiv. 

filLVKU .MtNEIlALS. 

Xiiiivr silver (.\s:) lioinctric; silvtr wliik- ttiVui"- it 

wires*; not cmnniun. 
t'erai'j;jTilc (.\>^'<.'l}. Lit>UL<;trif: ; brown orgniy \«43iy i^ia'- 

injj^, in plaff!" witli umaU cr.ii-»lalf!; riiniiiion. 
-U^icntitc (.\i{jS). laoniL'tric; lead-i;ray *o bltK")!:; *,TliU*; 

common but mri-ly vLtiblc lo Ibp naked I've. 
I*rc«u*lito (.1.\g'.S.A!vS). lihoHibolicdra'! ; kfifljvvivo. rw!. 

lrjn.'»luct.'Dt;mrf. 
SU'!ibonitij(5A!^jS.8bj8,V t)rOn>rhonibic;inm-blaf!c; ran-, 
Pttanroite (9Ag3.S..\RjJ*j). irnnmlinif; ra;*-. 

I.E.Vn MINFKALS. 

(Jaluna (PbS). Isometric; load-jrray; cn,'n(aIlino inaMo". 

nin'ly well prjutallizod ; contnion. 
(((■oi-roritv (?) (-'iPht^ .SKSj>. Onliorhombie: Icad-tTay; 

iiU'nt ili'.'d witliont much doubt iii pnliMliod KfOliou. 

U(!plariiiLr;T-t||.na. 
Anglojsiti' (PliSOj). Ortborltoniliie: roisric-M (r>-«tali«, lin- 

iuf: cavities in gp.lenr.; grain-i replacing jialcna .ind 

ipiartz. 
f'prujiiUr' (PliCO,). Ortluvrliouibic; while aiicukr rrji*- 

lals <»r earthy-white or yelk>w; cs^nniori. 
L.?adbilli(o(PbSO..-iVb(;0,,l'b(OirU. MnnmM:ii.; wliiK- 

cryrttija with ttn(j:l<«it«", very rare, 
roliinuito(Pb<'l.j). Sni;dl aiiioiiiiU-i<»i lou'l and rliiorinoin 

bol-wator Ritliilion oi 8oiiii> oxifiizcd uvrs indiiale 

posiiblo prcsk'nco of cotunui'c- 
Phoffgcnitc (lPb.CIl.^.COa). .Tetra^Dual; {^ray rcphndim-nt 

rnjsl,s on cerusile; rare. 
Lead oxyclOoride (unnamed). Probably orlboibonil ic; 

yclUptt' pri--ia». 
Minium <PbsO^). Earthy; viviil riKl;rart;. 
ryromori>Ii"t<-'<rni.CllPb,(PO,}3). nexagoBal,s;nalI.i=!ou- 

dcr cr>'S(al3; white; rAre. Coataina arsenic. 

COPPKR MINKRALS. 

ICnaryite (OiijA*S,). OrthwlnmiLlc; iron-titack; onegowl 

r|c.iva;:S-; in jaaperoid; small crj-ataU in viiga. 
l-'ainatir.itc (Oi^SbS.;). Reddidli gray, intei:^o»-ji »illi 

cnan;itc. 
TclrahfHlritc(Cu»Sbj.Sj). If»oinctric;da,r>gray,mflasivi>;in 

juHpcroid; not common. 
<"ha]cocil«(CU-;S). Orthorhoinbic;blackisblcad-giuy;f>c'.-- 

oiularj'; not cnmrnon. 
Covollitc (OuS). Hexagonal; tnetflllic blue; sccouflary; 

Bninll cn'Bitalii pnlverulont; common, 
Cb;iIc'Jpyrito (CuFeS,). Tetragonal; braas-ycllon-; noi 

common. 
^'.tlive copper (On). IfloDJCtric; copper-rod; Tairl;.' tN.ru- 

ntoii in aniall i|uantitic(«. 
Cuprite (Cu-^0). Isometric; red, mc^ve. coinitact; coin- 

tnou. 
^^elacoDit« (CnO). Black; anmrphoiia; doKbttill. 



'Tho (pKllIng "CTUvila" Imi bp>?n arf-T'iol by lh« I'niiec! Siattn 
Ocnj.i|[lc^l S«r\-py. Tl» wrlUr pn-ftTn "MrossKo,'* thoTunn M'*.-iI by 
tana, 
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Cwpijcr fitch oro (CuO.SiOj,>rnO.„H20). I3r<;miorMacV; 

ileni^c, amorphous; common. Oi intlcfinju* chenii*.il 

ctinipisfiition; probably of tolloid origin, Nnt a v^m- 

ely of chrjuocoMii. 
>fuliicIiIt(;(C;uCOj.C\)(OH;j). .AronrrlinJc: piiffij'reeu.fi'ri- 

rrius; velvety fni;i5, ulecdev firisoia; rumimm. 
A/.uriU; (2ruC0, (.'u((>n)i). Triclinic; ar.ury l>liie, rr)std- 

line tTu.*!.-* or morioive; common. 
Aurk-ha-lcite (tnu^ic carLimalo of I'opper and /.iiic). Palc- 

liliiish (lru«j!< ami flakea; rani 
Chrj'flfjcalla (''uSiOjillO). rry|jtf;ri'ysta3line; muisi^'e; 

lilin! org^ri'i n, notrcjiumnrt. 
BrocIiE-nlito (i:uSO|.:iCu(OII),>. Onhori]om:)iG; Auk 

^Tc-i'fl to hlac}i""-li gr(!r:n; fairly abiiiKlanl. 
I*tt«<iiniIcfcyunolri(!likc)(K'iiO ]I/)„SO,.StI,0). Oupil- 

lary crj'stftli iii'ti]ii.*us; smalt-bluo; veiy mrti. 
Linaritt O'liwcaulpljafc n( tvjpperand lead), MonflcUnir; 

dcep-blui^ iTj'3(ai-*; nirp. 
Ollvcnilf! (Cii,.\ss,0,,Cu('->Il).J, Oitluirliomliic; various 

hIuuIcm of riIivt-i,'T'-t'n. ai^» rod; pripmii-lic crysrtftlf, 

mrtly veU-ciy < Tu:^^s; vciy coiv.nioji. 

CliniK-l.a.-rito(rUaA!t.O,.:i<"u(0[i)^;, iloiifit'linit; bunches of 
crj'HnlH; spherical fumiH, one pferfe-.t rleavage; daik 
grcun with hloisli ting«; lu-irly coinTJior,. 

Eriniio ((Ni,AeL,0(..2Cu(0n)j, Tiurlc, r'iriy g^iccin: maiii- 
millary ur SDiall fibrous spiiert-s; ni'hor urxpmmoD, 

Tyrolito (Cuj\tP^.2t:ufOH)-,4-7U.O0. Pale pr'-Ln >n- 
tliniTig 1o sky-blue; one perfett clcanii^i!; fdluvtml 
n^J-'^-'g^t'?^ 1^1*1 ian-4iape[l gt'oupH; rathtr unronmmn 

ChalKipiiynitfl fCu3As,0,.2<:;u(;OH),-| 14ir,0-'). R-.om- 
bolicthul; nr.G porCc't:'! rleavayG; poierald or griiss- 
fctrcii; very nir«. 

Clien.-vixite <Ca^FttO;.Aa.jO„-|-3H30?). ifawiivo; green- 
ish yellow; Fiire. 

Coni-hiJcito ([Ci:,f;a]3A.S0fi.t'urii<0n)..+ UL0?). Char- 
noltiislic bright yellowish gre**!!; mamuiillajy crufta 
anij Miuill wplicrcs; very comuion, 

Mixilc (hatic: liydrouM arsenate of copper and biauiiith). 
Slemlcr nidiavicg, capillary pale-hluish Iniis oi 
ci-j'ytala; rare. 

ConueiUte (bi^ic liyUroua rhlorosijlpliat*^ nf copper), 
Kadiivting fibrous cryatalw; bright Pru^s'iun blue; al- 
most nictallir luster; vcr\' rare. 

Spantinlito [\aAe hy<lrou3 chlorcwilphate of copper and 
ohiminum). llexogoDftl, Ihick priemti; [lale gnpeu to 
Muiah green; perfect basic rle«vf-ge; very rare. 

IKON MlXKltAbS. 

r\rito (FfS,). IwiiiM-lric; small cubot^, octahcdroES. pyri- 

tciIirdruDH or massive; pule yrjUow. 
Mariisito (FeS^). Orthorhvimbic; rare. 
Ai^^onopj-ril© (FeAsS). Ortliovhoniiiic; irias?ive; yrav-ish 

while; ran;. 
I.im^iiiie (21'e3O3.an.,0). D^rk brov.Ti to yellowish 

hrowu; filirou«(>re-.n't!iy; cojumon. 
lleiuiilile {FpjOj). libunibohedral: steel-gray with led 

fltfiiik, or reel aud c:ii"(hy. 
Scorodilo (PcAt?0<4-irO). Orthorhombic; bluiah-groen 

prifmsaijLl pynimiils. 
Phaniiai.-.i^ideri(c {iJl-'i-.\sO;.'3Fc{OHi3+12'n-.,0). Isoimit- 

ric;cnr'i5or UnlaU'd j^iuall hro^vTi ctiboj;; not coiuuion- 
JloIaiUprito (FcSOj.riljO). JiOUOcHnic; palc-ijrccn Cl1lst^. 



Jari>site <K',0.aFejt')a.'lSOj.(;HiO). Rhomhohedral; yol- 
IdM'ish-ijrywn, bu^agonal scales; ftift; much of the 
nmUriaJ called "jarositc"' '^ probably ijliiDibojaro''ite- 

L'ta!iito l^iFe-jtlj 2:S03,71I_.0). Scaly; oiauge-yellow; per- 
hftpe ideulicol wi'Ii jnro^ite. 

M.V\(.iANl-:SF, MIXER AI,S. 

Pyrc'iur^it;*:^ aiirl wad (MnO and Iiydlatcd furois). Black; 

mii:Pa»ve, librouy, or carlby; common in email tiuanli- 

licH. 
Mauganii-c (>rc-,Oj.H,0). lilaek; lanifUar aggregalea; 

rare- 

ZINC MINKRALS. 

Sphalerite or ^inr blende (ZuS). Isometru:; daik brownj 

ma.«sivc, rarely LirysliilUzcd; care: extcpl in vciu^ iu 

iuoii:^cnitc-. 
i?miibKiinit« (ZnOO^), IVliombobcdnd; i-eoifoini ciust>; 

replQcemcHi of UmejiUme; coimiion; \rf (h irou caibon- 

a(o variety, nioiilieimi'e. 
Calamine (ll^nSiO.,). Orlhorhonol'ic; gmall crystfll.i and 

white inaminillary forms; fairly common. 
l-rydmi-.in.itc (2iuCO,.2Zn(OU).0. Wluto, chalky or 

fibror.^; aJtcmatiiic: with smitiisonite in rtuitorm 

cruau*. 
aoalarite (?) (ZuSO^.tH.O). ^^Tiile elUoiescencoa. 
Adamite (Zn3.\iiiOt.Zu(OII).,). Ortliorhumbic; palc-p^een 

rru.'fta; rare. 
Auriclialcito (basic carbonate of /inc and copper). See 

above under "Copper mineralii," 

BISMUTII MINEF.Al.S. 

Native bismuth (Bi). rihoiabohedml : reddiaii silvery 

white; rare. 
Dispiiio (r>i-,Oj>. Eai'thy-yellow crnsls. 
Bismutite (bia03,CO..n;,>O). Yellow; earthy. 
Mixite (biwic hyti-ous iirspnate of coppei' and bismuth). 

Sco abovo r.nder "Copjicr njitierals?.*' 
Arseoobi-s-aiite {2V>i,0,.i\&X),,.2U._,0). Yellow; eaithy 

cryptocryatallinc, new miueral. 

UttAN-JU.U 3irNEnAI.. 

Zemicrito (Cn(U02)..AtS:0^+np). Tetragonal; small 
uraniuBi-yeUow labulfti cr_\T>-ta,bi on hai'ite; very rare. 

FEATmR.ES OP THE OCCUEBENCE OF MINERALS. 

In the followirig paiagrnphs is given a run- 
n'lr.if ooinnicnt on the raoclii of occ-tuTenne and 
special localities uf the minernis liat.ed nbovf. 
The genesis of the doposifes and tho genprftl 
fonrsc' of nltcru'.ion ure discussod in anotJier 
place. 

CA.VGirr'. MTN"ERAI.S. 

Quiiriz. — ./VJl the deposits contnin. cp_iartz, 
which occurs in two forms. (I) As i\ fine- 
^•jiined aggregate re-placing limestone or dolo- 
inito, tho structure antl texture of wliirh nifty 
tic preserved. Some of it contrtins residutil 
cnlcite or doloiiiite. The color is gray or hUiish 
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grfiy* or both, nlternnting in tlelii-iito bundinc:. 
Such replnremciit niiartz hns ol'tcu been t'ullod 
j.ispcroid (Pis, XX-XXir, pp. J 57-1 59). (2) As 
later ciystMlliiio ci-ilnIs with sinnll crystals, 
usually projecting oiily wllK the ]>yraiiiiiial 
fticos. These cryatals are gonorftUy not niure 
tbiin a fow niillinietors loiij;. Lonrror uud 
tiiickcr crystnis nmy be foiiud (>!i sumo veins 
ill moDzoiiito. This quartz is of the rfocond 
j:;eneriitif)ii, preceding oxidation. A Uiird gen- 
eration of quartz occurs in places, and a fourth 
fjcuoration o[ small crystals is hero and tlicre 
deposited on products of oxidation. The 
i|uartz grains in many varieties of jnsperoid 
ju-e believed to have crystalbzeii front an ini- 
tial replacement by gebitinons silica, and inucli 
of the quiirtz of the second |t!;eiieration, pre- 
ceding oxidation, is likewise crystalli/.ed from 
iva initial deposit of silica gel. ChiiU^dony is 
present ns spiieruJites and veinlets. 

Oidtrttf.,- — ^Calcite is not a primary ganj^ue 
mineral, except that rcsidunry musses may be 
rarclj' found in jasperoid. In brecciiited lime- 
stone oUcite is nbundftpit in sciileuohcdral 
forms; in caves of recent origin culcito in long 
l>r:iucWike crystals and botryoidul masses is 
vci-j^ commoii. Cahute is aUo one of the liU- 
ftst products of oxidation processes and here 
appears as flat vliombohiHirons. 

AratjonHc. — In caves of late origin or as 
bmiehes of slender prisms, arngoiiite appciu-s 
here iin<l there, forming one of tlic latest prod- 
ucts on oxidized ores. 

Dolomite. — Mineriils allied to dolomite and 
aiLkorito are connnon in brecciated limestone 
and locally also cement fractures in ore bodies, 
but they are not ordinarily gangnc minerals, 
properly so called. C'rystals lif rhomboliedral 
forms are sometimes se^^n, but ordinarily the 
oiincrais form coarse granular aggi-egates. 

Bar'iie. — Barite is an ahnost univoi-sal ganguo 
mineral of both tlie earlier atid later phases 
of primary mineraUzation. Large masses of 
coai-sely gianidar or pbity l)arite aggregates 
are seen in the Centennial Kurelca and Grand 
Central niine^, also in the veins of the Carisa, 
■where at the junction of two veins the barite 
forms a soUd body 25 feet witle, 40 feet or 
more long, and 50 feet in vertical extent. 
Large plates of barite several inches long are 
in places intergrown with sulpiiide mincrjils 
and with quartz. Several generations of barite 



arc ot'teu seen; any generation may be partly 
replaced an<l coated by qunrt/>, and sometimes 
the erysud lias been entirely dissolved, leaving 
a cast of the tabLdar crystaJ. The perfect crys- 
tals arc very snnill. Where the mineral \^ 
]>rescnt in considerable anionnlw. it is gener- 
:dly associated with tlie copper-gold ores, par- 
licidarly with etiargite. 

(?i/;'xum.- Uypsu^n belongs to the oxidation 
plnisc of the de.]iosits and is widely spread'in 
the oxidized ores. Curved small crystals were 
found irt a ca\dty in the zinc stopes of the May 
Day mine. Long, slender crystals were found, 
according to Tower aTul Sniitb, in open spaces 
in the Ajax \'eins, and tho.se were coated with 
stalactites of Umonite. Still better cry.-^tsds of 
gypsum were found in a cave in Iron Blossiim 
No. I (p. 243). 

^l^««f(c. -Alnminum sulphates are far more 
widespread than was expc<rtod and arc found 
at niT-ny places in tlio o.xidized ores. Incon- 
spicuous while kaolin-hke ma.s&»y of alunitc 
occur in tbo country rock of some of the 
deposits^for instance, in a bla^k shale com- 
mon underneath some oi*n bodies of the Iron 
Blossom. Miero.scopic crystals were found in 
some of the veins in monzonite and in an out- 
crop of replacement ((uartz or silicified por- 
t)h.yry near the Govprnoc shaft. 

Cm-ncUdUU. — A now mineral/ with the for- 
mula Ca0.2.'U,OvPA"ill20, has been found 
only on tiie dump of the Brooldyn mine. It 
is named crandallitc, after i[r. >[. L. Orandall, 
engineer for the Knight syndicate, who ren- 
dered nuich valuable !Ls.sistanco during the 
writer's study of the mines in the Iron Blossom 
and Godi\fa zones mid in tlic igneous rocks. 
It is a white to yollowish-gray dcn.sc to fibrous 
hydratcd phosphate of aluminum and calcium 
and has apparently resulted from the altera- 
tion of u nonfibivus mineral similar to goyazito 
(luimUuite). The material seen forma liue 
botiyoidal crusts, Jiiiiug and partly replacing 
the walls of cavities in (jnarlz-barilc-sulphide 
vein matter. It is coale<l with a thin layer 
of tonorit^?, In part it has a pearly luster on 
liasal cleavage surfaces. Cleavage fragments 
prove under the niicrt>scopc to be uiuaxial and 
aro believed by Mr. Schuiler to represent the 

■ ror S cvini|i|rtv <h^^>;rlii(|iiii wllb Oliiiiukjn of ttiU cl'niulDnl rim] 
niInKMi]i>K:c ri^J'-li'-'ivi ot (-rnnLjUile, •'» Loi^^ilillii, O. V,, wul t'l^^nllor^ 
W, T., K'rTtn'MliUtv, a dow toiuaml: Am. J^ur, StA., -lib scr, vol. 43, 
pp. £9-7-1, IBI". 
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oleavH^o of llie ori(^ii\a! minernl (goyflzite or 
hamlinite) whose alteration has yielded orflu- 
daditis. '['hi:i cloavago of Uio (iiiply librous to 
cryp-ocrystalline crutuiiiUitts coidd not be dc- 
tfirmiiUTd; rmithcr coiild its specific gravity, 
owing (o (he iinpossibUity of obtaining nia- 
lerinl fvce. from a?s<iciated minorafH, Tlic 
Imrdnoss is bolwr-on 4 and 5. The indices of 
rofrin'.dori ratlf^e from a niininium of 1.5S5 to 
II maximum of I ..i95. IJoforc tho blowpipe, 
(TiiiidaUile decrepit aky soaiewhat, then exfo- 
liate.s slighlly, acd fuscH to an opafpie. while 
imamol, coloring the Qamo intermittently a 
palo Rreeu (phosplionis) with ocxsiisional flushes 
of r(^d (eiLli.*ium, stronf-ium). In ti eloaed tube 
dceropilation occurs wil.h t-he liberation of 
wiilor. If is soluble in ooid-s. The chemical 
analysis in ns follows; 

Andi/sin u/crandalUlr. 



TiiaDliihlm ni;it!nr 

Al-A 

CftO 

SrO 

MgO , 

PA 

KO, 

ll/)- 

U.0+ 



Aiialysia. 



35.13 

2S. 16 

-l.S.^ 

l.H 

.(il 

17. Ul 
2. 17 

12. 20 



lOO.ilO 



Uted with 

aianoi' 
Jcdiicletl, 



3.H.71 
7.50 
2.21 

27.(i?t 

:i. 6(1 

IS. SI) 



lOtJ. ^0 



Sulphi r.—'DuViri'^ the curlier .snrvoy sul- 
phur was found in the Eui'eka Ilill mino nff 
nearly porfeei- orysiijs oruvoii^hth of nn inch 
in diainelor eoatin*; anglesito that was 
ailiiche.d to pilemi in oavitio-s. It wius also 
found hicrustiun; tho walls of tlio Sionx-Ajax 
luniiol. 

Tho forofioing lisf. of gangue mUiorids is 
uiiiiaimlJy short for deposits so eomplex. IHu- 
orile, siderito, rluxloehi-osito, (^Itloritc, and 
zeolites nm eniiroly nhsont, lis is the wholo 
.series of silieatis, boro-sihctitc-^ nnd fluo->iili- 
catos of tlio hi^h temperature deposils. 

COM) AXl> SILVER MINEItALS. 

fAiW. -Native gold is nively seen in tho 
Tiiitic ores, though many of the copper-bear- 
ing oi' purely :?iliceous oi'os contain gold to the 



Amount of sevcriil dollars to tho ton. In tho 
purcl}- Bilie^ous ores — for instance, those of 
t be Iron lilo.ssom No. 1 , which i^re honey- 
combed and ei^Uular and contain but little 
limontto — tho gold, lliougli present to the ex- 
lent of 'several tonfJis of an oujico lo tho ton, 
is very rarely visible, In the cinurgitc ores, 
whicii raa3' contain equal amounts^ free gold is 
noYorswn, and the puvc cnnrgite carries about. 
SS lo .^12 in gold to the ton. According to 
Tower and Smith/ "Special tests on the 
gold-bearing ores have shown the presence of 
small onioun Is of tcUurimn; that gold is com- 
bined only with tellurinm is very iineertaiu. 
It may also (in the primary ores) have been 
associated with pyrite." Tlie mhies that 
have yielded most gold are the Coiitcnnial 
Eureka, Mammoth, Grmid Central, Victofia^ 
Eagle and liluo BelJ, Gold Chain (Ajax), Opo- 
hongft, North Star, and Iron B1o.ssojb No. 1. 
Rich gold ores containing many ounces t() Iho 
ton were found loirally iu these rabies. The 
largest shoot of gold ore, wblch containexl few 
other valuable constituents, was foand hi the 
Apex shoot of the Mammoth, particularly ou 
the 1,500 and 1,600 foot Ievels(?). Such ores 
lire quartzoso and always show native hnght 
yellow gold, which is clearly of secondary na- 
ture, deposited during o.vidation as flakes on 
johit planes (Viotoria) or aa aest,s in partly dis- 
integi'atod and oxidized jusperoid. 

5■i^.'C■7'.^Native silver is aometimcs seciii, 
chiefly in the upper levels of tho mines that 
contain galena, where it is neither pleutiful 
nor conspicuous. It fonns small sheets and 
\%'ires. Secondary wire silver is nlso found in 
the Gemini mino on level 19, below the water 
table; ihcrc was some oxidation and one wire 
was found to penetrate ii crystal of ce.rusit'O, 

CenirgyrUf. — Corargyinte, or horn silvox, in 
thin giay oi' browTi flakes and coatings was 
exceedingly <-onimon in tho partly oxidized 
lead ores. Tho Gemini and Eureka ifiJl 
mines have hud laigo bodies of chloride ore 
from tho surface down fo the 800 or i,000 foot 
levels. Tlie (ypical liorn-silver ores are sili- 
ceous und carry only n small percentage of 
lead, mostly in the oxidized form. Iii lute 
ycai^ Dinch of this kind of ore has been mined 
on the t, 200-foot leviJ of the Eagle »nd Blue 
BeB mino. Tower und Smith ^ mention the 

" Towtr, O. W., jr., mid Binith, G. O., op. ilt., p, MM 



jMin'khai.h oi- TKK nrii-1 iH'pnsi is. 



occiirrL^TK-o of crusts of horn fiilvi'V iialf m iiicli 
l-hicU in Iho Gemini nunc. Tlio <!<M(a'iryritc 
cerdimly bocomcs Ic^s conspicuuiif* (il ^n-ixi 
depth, and galena appears instead. The 
WTiter IS informed 1)}' Mr. Jolia JMrClir^^tal, 
however, that liorn silver wns fouiul in Itn^ci 16 
of the Gemini mine, 1,700 feel luOow lUo siu*- 
faw. 

Arfffntite. — Argcniile is not n nire mliicnilnt 
Tinlie, but it cr.n rarely be idcn tilled without tho 
aid of a microscope. It occuj"s in microscopic 
grains in all the ai'gentifcrous ^nloiia of thft 
district. In this foim it is pnmr.ry. ^Vi'gcn- 
tito iissociu'.od with native gold and cerar^y- 
ritc was found in many ppecimens of rich oro 
find is here undoubtedly secondury. As a mi- 
croscopic product of the rcplucomeiit of prou^^- 
tile it wrtH observed in a specimen from, t!.c. 
Oliiof Consolidated mine, obtained at a depth 
of probably about 1,000 feet. 

Sulpha rsenidefi of silver. — Pi*oustite occuiTed 
in the specimen just mentioned and is doubt- 
less secondury; at any nito it is decidedly later 
than the latest crustiJied quartz. "Ruby sil- 
ver" is reported from level 19 of the Gemini 
mine but is evidently rory rare in the dis- 
Iriut; a remarkable fact conaidering the fre- 
quent flssocintion of enargite with silvci'- 
beaj'ing ores. 

Stcphanite and polybasite ixve likewise ex- 
tremely rare if they occur at all. On the other 
band, poareeite (exact locahty unlvJiown) wos 
found by Mr. Jtayuard Bixby, of Salt Lake 
City, in a car of Tititic ores, and ciystallizcd 
specimens of tius mineral are, according to a 
letter from Mi". Bi.xb^-, in the Field Museum in 
CI\icago_, in the American Museum of Natural 
History in New York, ami in tJie Bement col- 
lection. The mineral was idcntitled by Pen- 
field. A gray massive minerol probably ideuti- 
c^il wi t h pea rcei f^.^ occu rs abu ndan tly, inter- 
grown with galena, ixi the Gem shoot in the 
Gemini muie from level 14 to level 19 (fig. 10, 
p- 189), It melis easily in (bcflameof thealco- 
holhimp and contains abundant silver, ai-scnio, 
and sulphur, \v-itii some copper. (See p. J 70. ) 

LEAD M1XEH.-\LS. 

Galena. — Galena is one of the most common 
lead minerals of Tintic and oocui-s in all tiio 
miiK's, though not abundant in those in which 
much ouiirgitc and barite arc i)reseut. In such 
mines ^ulcna ia sometimes foinid on the outer 



sidr (in the "ciising*') of ore bofUcs. The 
bodies of galena are asscciated with qii;\rtz uiul 
a little barite, and some very hirgc ore shimts of 
almost pure galena have been mined. Tower 
and Smilii meniinu masses of galena oro from 
the I'neleSam mine carrying 75 peTCcntg>dcna 
by the hnndrerls of tons. Slore recently largo 
quantities of high-grade gidcna ores from the 
lower levels in the Eagle and BIho Bell mine 
have been slnpped. The galenii rarely forms 
well-developed crystals, but oceui-s commoidv 
in erystalliue aggregates the grains of wliich are 
from 1 to 5 millimetci-s in diameter. Fine- 
grained "steel" gidena usually occura in partly 
oxidized bodies. Much of (he galena appeal's 
in two gencrK.tions, conjioctcd respectively 
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witli the fine-grained jiispcroid and the crusti- 
fiod quart;!. Locally galena of a still later 
generation forms films on joint planes. All 
the galena contains silver i)i:t ntrcly more thim 
50 ounces to' the ton; much of it runs ordy 30 
ounces, nnd in some of tiui mines tUstimt from 
the centei^s of mctalHzation it m.!}"^ contain only 
II few ounces. The silver content is depend- 
ent upon small incluiied grains of argcntitc. 

A}ufleitite. — Tlic Ih*st alteration product from 
galena duiing o.vidalion is anglesito (fig. 37; 
PI. XX\1, E, p. 1G6). It is a \videly spread 
mineral but occura rarely In large quantities. 
In the mn.ssi\c form it usually has a dark color 
cau.sed by finely disseminated galena. The 
beautiful anglesite cr^'stals from (he Kurckii 
Ilili mine, which appear as drnsy crusts in cavi- 
ties of galena, arc found in many collections. 
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(%ni.9T(f!.— The most abundiint lend mincnil ill 
t,lu> district is TCnisilc. It is commoa in all the 
nnnos, and locally ns in theColin'ado tind Iron 
BIosKom niiuc3, it occurs in vory largo mnsscs. 
Aiiglo^ito rapidly ehnngca to corusito under the 
influoaco of wuter ountiiining cjirbon dioxidu. 
Silky tiifts of sicndor cry^tuLs aro fwramoii in 
the oxidized ores, but the minerul is moro abun- 
ilaiit in granular or mussivc earthy and sandy 
aggregates of wlutc to yellowish etdor, in great 
part direeliy replacing nia^ive galena. Tho 
CTrusito invariably cojifain5i silver, atlc:ist\vhen 
in gi-atiular or massive form, Assaya of pure 
nialrriul from tho Iron Blossom guvy about 20 
oniieca of silver to tho ton. 

Other V'-nd miiieraL'i. — Lcadhillitr is known 
from one occurrence in the Eureka Mill mine, 
with ariglesilo; the specimen is in the Holden 
c^)llection in Han-ard Univei-sity. 

Cotuunite, tlio ehlorido of lead, may he pre.s- 
rntiii minute quantities in some of the oxidi/.ed 
lead ores which givo a trace of lead and elUorino 
upon extraction with hot water. 

I'iiof^enito, the rave clJorocarlionate of 
lend, WHS recently i<lcntified by Prof. Cliarle--* 
Pidaeho. It nccura on a specimen of cerusile 
ill ibe Iloldeii collection as a grapsh-brown 
crnst replacing the carbonate. An unidenti- 
fied oxytjldorido was determined by Mi'. 
Whitehead and Prof. C. 11. Warren on a 
.sptKiimeii ill the cuUeetion of tho present sur- 
vey obi-ained from the l.OOO-foot level of tho 
Eurd^a Ilill niintj. It forms mlnulo yellow 
probalily orthorhombic prisnw and rounded 
nSg"'g'i **-•>*■ It is soft and rather bridle, 
fiiNW eiu^ily, and >iiiKls lead, cldorine, and a 
lillle lU'senic. 

Minium i.-^ sMmolinies seen Jis a bnght-rcti 
oiii-ihy eoafing on oxidized oro and is one of 
tlie hUest l»rodiiclti ol" oxidut.ion. 

Mimelilc from Tintic (Lociility unknown) is 
conliiined in specinums ot' oxidized ore in the 
Holden collecticm, but in gonrr:d arsenates ol 
lead are ntro in the Tintic district. Pyvomor- , 
phito has been idmitified in specimens from tin* 
Riirekn ITill mim! in tho Eloldeii eoUeeliun. 
Tbo mineral occurs as slender white noodles in 
vugs and also uppeai-s lo coulaiu some ar.ienic. 

COlTKll UIXKKALS. 

lOwi-giti. Tiie primipnl prinmiry copper 
mineral iit Thuie, though i-olativoly ran* et^e- 
where, is eniu-gito. There are few miuesi in 



which it docs not occur at least in a suhordinato 
quaulity. It h:is been fouiid in Iho le:id mines 
of tlic Iron Bhissora 'aouq and in the Goniitii 
mine and occurs in largo quantities in tho 
Centenih;jl Eureka, Manunoth, Ajax, Gold 
Chain, Opohonga, Carisa, and other eoppei* 
m.inc.s, also in miiny of tho depasits i}i the nion- 
/.oiiilo. To a large extent the onargite has been 
desiroyed by oxidufion (fig. IS); hut even 
in tho upper levels of the irdnes mentioned 
much of it hna been lound. Considerable 
enargite was found in tho Ajxjx ore body of I ho 
Afammoth mine, 100 foot or less from the sur- 
face. The onargifo occurs mainly in coai"seiy 
crystalline aggregates of iron-black color and 
exeelleut prismatic cleavage. Some of the iudi- 




ri'iLTnc t^^fkfUih *»t pollilinrl Mctigii i>t en^r^lln or<- fraiti Vlrmrfa 
nilnr, -^MwttiK vfin sf Citif^ Am>iiatv> <whl<p} with lining tind 

vidual grains nniy he 2 or ;j inches in length, 
being mostly elongated along tho piismulic 
axis. Good but very small crysials were seen 
on quartz in v\igs iu ore from tho Eureka HiU 
mine; cr}^tak aro also said to have been ob- 
sarved hi tho Itomcstake rem and on tho damp 
of the Sunbenin. mine in (ho inonxonite area. 
Knargito is associaied with barile and ju-^imroid, 
and much of it coutuiiis small grains of pynte 
and chalcopyritc. 

f'a-jnatmitc.—ln places in (he Mammoth 
mine- -for instance, in the Apex ore boily, U)0 
feet below the sui-faoc— a motailic mineral jil- 
hcd to famatbiho occui-s so intimateli' asso- 
ciated wilhenargito that pure .substance for 
anah-sis is difficult to obtain. Tins nhnerul is 
of a rcddish-gi:iy color ami h:is a durk-brown 
streak. A small quantity was analyzed by 
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Goorgc Slcigei* and found to coiid'.in ?>7.7'-i per 
cent of coppor, I4.;il per rent of antiDumy, and 
29.07 per cont of j^ulnlnu", Iml Mr. Stcigprsljilos 
that tht'fie Hf2:iircs should be rcirardi'il us only 
approximulo. Il also corit.iijis arsciiic. Pure 
fanuitinito sliould conlaui 4'S.'.i per criil of cop- 
ppr, 27.4 por cent, of antimooy, and 2n.;.i per 
cent of suIpliLir. ^Vii ui^cniual fiinmtirilt' Iroin 
GokHiold, Nc'V.,' yit^ldcd copper 48.0, nvsenic 
n.O, Huhmony 12.2, sulphur 2S.S. 

TiJ-ralndrifv.- Telnihcdrito is not common in 
the Tintic distrust. It was definitely idenlified 
from a vein crijssiiig the contact of limeslonc 
and inouzonito on leve-I 19 of the Ixjwor Mtini- 
moth mine, wheiv it. is associated with p\'nte, 
zinc blende, and bantc. It also occum in ore 
from the Gem channel, on level 14 of Iho 
Gemini mine, where it is mixed with galena Anti 
a liUlc pyritc in n. s-illceous gangue. In snioll 
grains! it is t-omn-.on in siliceous copper ore from 
the Eureka Ilil] mine.. In the earlier report it 
is Raid to occur in ii specimen from the lilack 
Dragon miuo. 

7'( nnaritiie. — -The earlier report, mentions 
tenjirtntite from the Coutennial Kurelva and 
Boss Tweetl niJni\s, but the idcntitieation was 
not comploto. So far. lypicnl temiantilo bus 
not been positively idontifivx!. 

Chalcocitc.. — In small iimounts ehuleocite re- 
sults from the oxidation of cnargitc and famnti- 
nite; it develops contemporaneously with ar- 
sRmites of copper, parliculnrly oliveuite, and is 
found in many places in snu^U streaks and grains 
embedded in olivcnite and also along the mar- 
gins of eimrgite (fig. IS). In larger amounts it 
has been found only in the Cenlemiial Eureka. 
Ill man3' sjieeimens of enargile it is observed 
as smnll sooty ng^-egatea, often with coveUite. 

CwdJile. — Covcliitc in small amounts is, hke 
chalcoeite, ii common alteration product o\ 
cnargite (fig. IS), tetrahedrite, and funiHti- 
nite. It "Nvas found on xiiic blende in a speci- 
men from the Black Jack dump and on giiJemt. 
in microscopic grains in spccin\ens from many 
mines such as the Colorado, Gemini, and Iron 
Blo^om (PI. XXVI, 0. p. 166). Like cimlro- 
ciie, it is the fii-st protluct of oxidizing altcrution 
and is closely associated with copper arsenates. 
The Holdea collection cuulains spceiraens from 
the Euieku Hill mine showing coveUite in 

> RajuoniA, F. I'., Ttio gu-jkxnr nn<l oro doposJt.^ of Goldllvld, Nov.: 
C. S, C«L Surrey Prot Paj-or £•, p. ns, IWW. Aanlrtiis by W, T. 
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niinule tabular cr^^-^tals on (.nglesite and of 
almost contcniporaneous origin. 

A'om/Vc.^Towcr and Siniln mention one 

: occurrence of bornitc, said to foiTU a decora po- 

silinn produrl of cbnlcopyrife. They d*j not 

stiile tlic lo<.'ulity, and the nvneral bus not been 

identitieil during the present invcstigiitlon, 

Chakofiijnit. — Clnilcop^Titc oecm-s spai-sely 
in many of tjic- copper mines and was. particu- 
larly noted in Centennial l<;nreka and Grand 
Central. It is present in small quaulitics tisso- 
ciated ^vitll cnargite and in plaeey inclosed by 
it 08 small anhcvirons. {t was also observed 
u-itli pyrifo, chaleopyritc, and zinc blcndo in u 
vein in monzonitc in the U)\vlm' Muinmoth 
mine. 

^Vfl/i'tv copptr and cupritt: — .VU of (lie cop[)er- 
benring ores iirobably coi\iain some native cop- 
per and cuprite, but those minerals iiro i-arely 
etmspicuons. Native copper is mentioned ns 
oeenrring in the Eureka Hill and Boss Tweed 
mines. During the proHont investigation it \vii8 
f(»imd in specimeu.s from tlic Coiitetmial !0u- 
reka, intiinalely assoe.ialcd with cnprite. 

Mi'hamitc (fetwriU').—\n ( lie rejuat l)y TowiT 
and Smitli mchiconite is stated to occur aluni- 
daiitly if. block earthy masses, but it is proba- 
ble that most of these are really sooty clnUcocite. 
One. specimen from tLclirookl>ni dimip showed 
u thin coating of tenoritc on crnndaUite. 

Vopp(r pitch ore.— The indefinite minerals 
grouped under the terra copper pilcli ore. cx)n- 
taining oxides of copper, iron, and manganese 
with siJicrt und water, are common, usually in 
douse r«l or brown masses with coiichoidid frac- 
ture. One specimen from the Aj;i,\ dumpshuws 
ftltcruating bsiuds of this materiid with mtila- 
chito. It is itraorphous and of colloid origin. 

Malacliitc and azuritc—Tho. basic carbonates 
of eopper, malachite, and nzurile, are rather 
abundant, though much of the material that 
looks like maluchite is really copper Hi"seuate, 
Both minerals are formed from cnargite, telra- 
hcdi'ilcf, and famatinite, but they are usuall}- 
later products of oxid.ition resulting from (he 
decomposition of ui-scnatcs or from (he action 
of ealeium carboaule solutions on soluble eop- 
per sulphate. Good specimens of mahirliite 
were obtninod from the East vein in liie <leeper 
levels of the Iron Blossom mine. Neither 
minend is particularly characteristic of imy 
given hoiizon in the mines. 
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Brodianlitc— The basic copper sulphate 
brocluintitp. is not common. It is tk-scriijcd hy 
JliJlebranei iuid Wnshinglou' as occurring in 
smnji prismatic or double wetige-slKipccl cr_\-s- 
tiils. The Koldi^n collection curilains n speci- 
men fi'oin tho Colli cniuiil EuroU:i mine. 

Lettsoniite amd Vinnrilf.—T\\c blue Icttsomite 
is repnrled by I^iina from tbe Aj;ix mine in 
vclvcly crusts or gloimicH. Mr. Miiyniiid 
ISixhy, in a recent, Icttci' lo (he \\Titor, slutos 
tlijili Moinc very fine Ictt.somile. Ims recently 
been found ftl- Tintic. Mt. Bixby aJso t^t:Ue.s 



^V(7i'(t'.- -Oxidized ores from uny of tlin cop- 
pei" inincs nmy ^how snuill dark-grccii or dirty 
jCT!i}"isb-gi'een mnnimlllury erus(s luul spheres 
of erJnile, II is one <'f the later minerals and, 
lliougli common, rarely iippe:U"s .11 ahnndimcc. 

CoukJutlc'tU.— Tlio aixenaU'.s iiliTud y cnu- 
mornltul arc ratbor free from metals other \han 
co]>pcr; 1 or 2 per cent of zinc is commonly 
pvosent, t)ut there is little iron, calcium, or 
rmipicsium — in fact, nrnpupsiiiin is rarely found 
in more than trnccj^. TyroliLc, however, eon- 
tains, according to Uillebrniuis aii;ilysi:s, 6.84 



l-baL linarite s])cciment-, probably from the \>qv cent ul' CaO, and in coniehalcite calcium 

appears iia one of llie prijicipul constituents. 
IflUcbrand's tinulysis -of conicbaleito ■ shcms 
1'.J.79 per cent OaO, 0.54 per cent ilgO, and 
OMQ per cent FcaOg. The mineral ia e.--~sentially 
n hydrous arsenule of co])per and ca-lciuin- 
Uillebnind found also 0.30 per cent Ag, wbich 
is not combined witli chlorine but- is pi'ohabjy 



liulhon lleok or the Gemini mine, arc in tlic 
I'^eld Museum in Chicngo and l^liat recently 
good linarite is said t-o have been found in (lie 
SOO-foot level oj tbe Mammoth mine. 

OJi-aenAU. — Of tbe many c-opper ai-senates 
fomul al- Tinlic olivenito contains liio Ie.:iyt 
wafer, mid it is usually ihe i'xy^l oxy-sUt to form 



during the oxidation of enurglte. It is proba- , present as a silver ni-senate. Coniehalcite up- 



bly (he most common of the arsenates. Enar- 
i^ite l.rnvefseil by a network of olivenito veins 
is often seen, Tho mincrul uppnars in many 
colors nnd modes of aggregates. It is massive, 
dt'iise, or crytitiilhiie or fonnii velrefy crusts; 
very commonly it is crystallized in prisms 
several milJiiTieters in lenglh; more rarely' it 
is fabuliu', as in fi specimen from the Cen- 
tennial Eureka, iilcntilied by -Pi'of . C. H. War- 
ren. In c^olor it is oiive-browm, olive-greer., 
yeilowish-grcon, pure brown, or rarely roddisb- 
iirowu. It occui-s in every ono ol" the copper 
mines at Tiutle. 



pears to ho a mineral characlerislic of the 
Tinlic distriol ; cue of the few places of occur- 
rence is ftt Hijiajosa, in Aiidalusia, Spain, but 
(hat variety contams vanadium and Jio /.inc. 
Dana's baud-book incorrectly states that coni- 
ehalcite resembles malachite; it bus, in fact, a 
N'cry chnraclerisiic bright pialacliio-greon color 
that should not easily be confoundecl with the, 
pure green of malacbitc. 

At Tuitio eonichnlcite is probably the most 
widely distributed copper ai*seuatc and occurs 
in small fibrous spheres or more rarely in mum.- 
miUniy CRists, Ifcbas been obsei'ved in fill the 



Tyrol'de amJ ihdcaphjUiUr — ^Tho pale-bluish ore that carries copper, even if mixed ^iLh. 



foliale<l and fan-bhaped aggregates of t^'rolite 
are found rfilber conmionly in the oxidized 
copper oi'i«, particularly in tlio shoots of the 
Ajiix and Mammoth mincw; in places tho tyro- 
lile oeenre with elinoclnsite. Chalcopbyllilo is 
not eii.sily di.'^liriguislied from tjTolile; under 
the mieJoscopo tho uiiia-xial character of the 
former is the most easily availatile (est. 

Cl'nioiltmii , — The dark bluish-gi'een clbio- 



much loud, and bIwavs belongs Lo the later 
series of arsenates. It develops* (mm the 
action of ealc.iu^.^ carbonate walere on ai-senato 
solutions derived from the earlier series of c-op- 
per ai-acnates. In many places tbe little glob- 
ules incrust leached quartz from which most 
of the other arsenates have been dissolved. 
Ildlebrand found it voiy difficult to obtain 
pure mutorial for analysis, as most of the litQe 



clnsite, which in many places forms cm'ved or I spberes contain A core of gan^tio material. 



sphcrieiJ aggi'egntes of railier largo si/,n, is ono 
nt' the eharactei'istic arscTniles of the Mam- 
moth-Ajiix copper ?:onG but is certainly not 
common elsev;herc. It is generally one of tbe 
lalcr aisenates. developed upon olivenite nnd 
locally covered by azuritc. 

' IIU)< l>nn»1, W. F., u«il l.V;»iliir^>,in , H. S., Xotes on t-rrtJihi rare 
«>Pl*« iwiiiiTii'-a 'roBi Ulah: V. 9. Owi. Sunvy Hull. 5i, p. 47, ISSJ. 



(Jhvrie\yixiU. — Ferric arsermte in combina- 
tion with copper arsenate nnd water forms the 
yellowish-brown ma.s6ive mineral ohenevixite; 
origimdly described from CoiTtwall. Chcnc- 
vixite seems to be a well-cstablisbcd species 
from, the chemist's viewpoint, but its optical 

' nilWT4ii.i, W, ?., .\!na.-la»d riT* mlrctata ffwin IJiah: U. S, lA^cA- 
Sun'oy Hull, ai, |i, sv, IIS^ 
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diarut-.tpristi'M have not liet*n rh't^^rmiiu'd niui it 
CiUi not ho ejit^ily ills tin jjui shod from the iiVi^^- 
sivo viirict-ifs of oUvonito fmm tho Amoricau 
E)igh- mine iloscrihoi:! uiul :in;ilYziuI 1>J' Ilillo- 
Inund-' 

yfhlUi. — III some of tlio mijios tluit roiilaiu 
bisiiiTith ores ("Miiinmodi, Ajiix, Boss T-\\vnI, 
and Ctiris;!'), tufts of j^loiuicr crystiih (^f tlio. bis^ 
muth-t:oj)i)ov ai-sonatc niix'ilo hnvr bcoii foiiml. 

Otlur c.npptr m-'mwah.— Bjis1<'. ccppcr <'liln- 
lidi'S ami ohlorosulphatos iire v\\\\\ Prof. 
Cliurlfs PuIiK'lo! Itiis recently slum-ii the \niliT 
specimens of conaoUile and spungolilc from 
the GionH Central mine. LibrthrniLo. n phos- 
pliut oof copper, i.s reported to have, been found 
m tUe district, but no dolliiite aiithorily for 
this st-jtou»ont has bepii obtained. 

IRON >IIXEKAr.8. 

Pyritc. — Vt'ti\!4 in (he igneous rooks f;c!ieriilly 
contain niuoh pyrite, both in massive tbnn and, 
moro rarely, crystallized in octahedrons and 
'pyrJtobodron^. In finely divided form it is 
also ubinidant ir. many altered igneous rocks 
both iionr and distant from veins. The Intilo 
and monzonite poi-phyi-y nt the soutlioni con- 
tiio.fc con (n ill much pyrito, and it is ai^^o coounon 
in extremely small grains 'n\ partsof the Packai'cl 
rhyolite and in fhn diUrs \\\ liniodtone. 

In the uiineral deposits in limestone find dolo- 
mite pyrite is mucii loss abTnidant. Very littlo 
is contabied in tlie load deposits, and most (»f 
that once present has been destroyed by oxida- 
tion. Its mode of oecuiTence sceraa bo be 
mainly in small crystals of the ustml pyrito- 
be(h'al fomi, jjicloscd in silieified limestone; in 
pliu-e-s the i.ionvorsion of these small {;r\-stals to 
limonite can bo readily obsei*\'cd under the 
mioroscopo. OecasionttUy small aggregates of 
niasaire pjTite are seen, 

Pyrite was more abnndant in the eopper 
deposits, as shown by the more abmidanfc limo- 
nite in the oxidized parts, but in all theso 
deposits Hiid at all deptlis more or loss pyrite 
i-einuins. It is generally associated with cnnr- 
gile H«d much of it oeeni-a in snndl grains and 
er\'stal.sinclo3od in that nimeral; smaller aggre- 
gates of massive texture are often seen. It is 
not. nsunlly intergrown ^^^th cbnlcopj^rite. 

No secondary pyrito has boon observed. 

Marca»it(t. — Marca&ito(?) lias boon noUid only 
ut the Gemini mine in the Gora channel, on I 

1 □il'.ubnuHl. \V. v., op. oil., p. SS. 



tbn 1,100, 1,000, and 1,900 foot levivls, mainly 
bohiw the. walor level and in a:3sociation with 
thi» f>t^onIi;ir secondary sulplude ore desorilK'd 
eUowhore (p. 170). It (»cc.iiis alone, coniont tug 
a brreeiii of impure <luliinulJ and alsn wiUi 
galenn, /inu !>lende, and pi^iroi'ito ((ij;. li)) 
as spiu'rical fdu'ous iij^grei^iUes and ix)un4led 
thin erusfs; also iu a lireeeia of silieified i-oek 
nn<l didnmiti';. IL niuy, liuwever, bo (ibcuus 
pyrite. 

Arst rtvpiirlU: , — Tlie only ooeuri'onoo of nr- 
senopyrile is in the. i>yrile, ore of the Swimsou 
mine, 

LhnoihiU and Qilurjii'nx: hj/dro.rijr.t, — ^Uimo- 
iiite is alHmdan^ hi the copper niiues, loss so 
in iho lead mines. It is usually yellowish 
bi-ovrn and earthy, but in the outem|)s — for 




Fmii: ai.— Slietch of pojkslicl sKlinn tif nn tnim torcl 10, GcmNil 
r:Jn?. abowtns 5ph*H'--il ACf:T&!;at(s of in-in!x-It» (?) wlOi qikariK. 

instance, that of tho Eureka Hill mine — it- 
occuis in stnlactitic and uniform dark-i>ro\%'n 
iiard masses. In the ciivos of the Ajax mino 
stalactites of Umonito 2 or 3 fnot long wore 
observed by Tower and Snii th, covering g)7)suin 
orystnla and surmomited with ciilcito crj^Lnls. 

Tho other hydro.Kidos may also bo pn-siMit. 
Mr. Maynard Bixby, of Salt LakoCity, reports 
in u K^ttor that goetliito ha.s been found in 
crystals severnl miUimetcrs in diameter. 

In large dense, fibrous, or earthy masses 
linionito occurs at tho Dragon iron niiiie, the 
Black Jack mine, and other places lis a replace- 
moot of limesiono. 

Homntito is not commonly s<'on in the ores 
fn>m the Tijitic district. 

Ferric snlplio-fes. — .l»n*osito is one of tlio most 
common of iho ferric sulnhates and forms a 
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bnght brownish-vt^How, oxfri-mnly fino sc^lv 
pow<l(;r tluit sticks ti> tl'.o fuv^itrs liko gniphiio 
when iitiiullc'tl. UikIit the micro.scopo it i^- 
seen to consist of iiii»iil.o yollmv Iioxiigontil 
scal«*. In Ihft Tiiilic districrt jj;ro^ite wns 
finut identified fnim the. Amvricjin Kn^lii niiiui, 
by Kieluird rciirco, Uut. (his or- si slniilnr miiUTiil 
oceiii-s in most u\ l.lio oxitlizi^d dnposils, 
spvciflr-iiUj- ut Iha Chii'f, GhukI OM»tr;il, Iron 
lilossDJii, luul Co]i>ra(!u nujics. PlMiiiliojiiro- 
sili', which conl.-iiii.s Umu{ but no polji.^ium, 
lilts 1)0*111 iilrntiflrd from scvfnil places, notably 
tiio. Chi(^f mines but the idfiilifirnlioji iy diffi- 
cull bccHusn of aihiiixturcs witfi other oxidixcd 
Wntl niijiiirnls. Mcliuiterito is found hi Lho 
Swnnsca. luliui us cl[loi-c.s<:'.cnL'o ond crusts. 
Utr.hit(', tinofhiM' furric siilphalo without potiis- 
sium or lead, is st-.^trd I>y Towor luid Smith to 
occur in (hii BuUion-IJccIv, Enrckn Hill, Mfiin- 
inolh, and Ajux jiUnfs. It is omngo-^-cHow 
nnd forms Koxngoiial acr-lcs lik« jurnsito, so 
that lho ili-stiiK^linn hctwcon these sulpfwtas ia 
dilficnh- widiDut clioiiiicul luiiilysia on pm-o 
niarerinl. It is possiblii thnt utiihitc may Ixi 
identical with juni^^ilo. "Enomscenec-s of 
niix-e.d sohibln sidphatcs lu-o somotimcs found 
on thn walls of the drifts. 

Jif/w'.;c mi^hdUa and ar^naie'S, — Massive 
and vnry fijm grsiinod bi-own or blaclc ores aro 
of ton hnnid which aro indcfiiiito inixf.irrs 
of forj-ic uncnnti^ and sulphiittrs t;nd which 
hIso contain nuivo or loss copper- Hillobnuid ' 
analyzed somo such mi.ioniil^ from tho Anit-ri- 
cnii Eaglo nujio but fuitiid that no dofinito 
formula conhl ho culcuhitod for thoni. 

Fnrw tii-stnfi'fs.—imn ai-scnatca tiro not] 
alnmdimt at, Tijitic, t.houg:fi scorodito und 
phrtrmncosidofil:^ havo bt-oii idwitified in spooi- 
mcna from soreral n^if^.■!^. It'ino hluish-freoi- 
ci-yslala of seoi\>dito from the. Ouitcnnial 
Eureka urn in tho HoUicn foU<'ctinn. Small 
hnnm cubes of pluirnuu*o3idorilc Werr noted 
itisovoralspecitucnaof nxichzod ores during tlu' 
preserititxiijiijniition. Mr. Bixhy, of Sal'. Lsikc 
City, stntes that aonu» cubed n'ooutly found 
(exact loe;dity unknoMni) wcro Vt niillimoters 
in iliarnofcer. 

fio-ickii*: — Buricliite. n pliosplnitoof iron arnl 
cidenun. is giron by Dnini - as of <luuhtful oe- 
ciu'i'onoo 111 tilt* Co^tpoi-opolis (now Ajax) niino. 

>ni;irlHTiml, W.K, At^.inl'.; rwcJninnraisfriiiii Uuh: li.S.Owl. 
eiinrj- r..ill, », \i.S7, !•.<;, 



MA.VOANRSE MISERAT.S. 

SnifJl qimntitios o{ dxido of inangimcso are 
foiuid in most of tho oxidized (hsp^wil-^, ]>aT'liou- 
larly in tho.so mines which contain copper and 
.?old. Tlio comi»ouLKl t^oncratly presonl is wad, 
a liydrous di(»xido of inanfriuu»so. Wad was 
idontifiod in tin* Iron Blossom mine in tlio shahi 
bp,U)w tho ore bodies, and manganiiy in a speci- 
men from tho Victoria nilno. 

ZINC MlVEllAf.S. 

Zinc hU-nflc. (.■<phaW!tc). — In tho voins in 
igTLoniw rocl« zinc blonde is found in places as 
da^]c-hro\v^l mu?-sivc :i{j;gix'gatvs. In !ho Licwcr 
JIunimotli rein it appears near the point wheitj 
tliy fi>'siu-p crosses into monxoiiitc. As a ruio it 
i^ Uiisociated with pyrlto, 

I 111 tho primary ore of tho deposits hi limft- 
I stone aino blonde is always present, usually as 
lsm:JJ p:i--niw or imporfoct crystids omhcddod in 
ailicifiod lim«.stono and associatod or intor- 
gi-ovii with giiIoniv(Pl. XXVI, D, p. 1G6). Tlio 
groat lnilk of tho oro, however, is oxJdizA^d, and 
diirhif; t.ho proccs:^ of oxidation the zinc bhmdo 
usually iri tho first mineral to become trans- 
formed into Kidphato. The miiicrtd i:^ moro 
abundant in tho load ores than in tlio copper 
oros. The sulphide ores as shipped contain 
usuidly a smoU percenlago of zinc, and from tho 
almnduncG of oxidized zinc ores near many 
•;:aleiia oro boduvi the ~JniveJ■s^^l preaenco of 2 to 
5 por conb of xiiic in tho primary oro nmy bo 
assmiiod. Below tho water level in the Gemini 
ruini3 a secondary zinc blondo is intovfr-'owii 
with giJena or forms concentnc spherulitcs 
Cfi^^. 10). 

Oxidizfd sijw; nimemh. —Duihg tho last fo\y 
years considerable bodies of oxidized zinc ores 
!mvo boon foTiud adiacotit to tho old load slouca 
iu soTForal mines, porticnlarly in tho Mny Bay, 
I 'nolo Sam, lion Blossom, Cltiof, Geraiiii, mid 
Lowiir Mammoth. Tlioy also occm* in tho 
Kast Tintic and North Tinlic diwlrict-M, Siieli 
bodies will probably bo found in all the lor.d 
ninifw. 

Sniitbsoiutc, the carhonat^i, is tbo moat com- 
mon of those minorali? and forms greenish to 
white fibnma and mainmillary crtists. also fn-ay 
to bnn\m massive aggroRatos which nro oasiU* 
mistaken for altci-od liniorftOTio. T^no bluo 
smithsonite. is roportod from tlio Boss Tsvood or 
Victor mine. 
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CjJflnium, tlio ailicato, forms small tahalMr 
cr>'stub>; UKiro rarnly it hns prismatic form; in 
plucos il iiUornHlcsi wil-h rimitlisoniUi in ljiyoi*sof 
niHJisivo tcxtiir«. Tliese ai'c j^ciit'i-siUy wliito, 
bjt siiifjle I'Vj'slols lira moritly colorlesss tiiu! 
tinii>l)rti'Oui'. 

Ilydroz-iiicilo, ideutifitui hy Mr. l.on^^hlin. 
fdvnis whilo, cliftlky loyoi"s of ilonso or fihvoim 
lexUiro, ulUiniiiLing with stnilhsoiiilo. 

^Vui'ichnJcit-e, n basic ziiic-copp^r ciivhonftto, 
is not ijuporl.HTiL fls an ore niinoral, Inil its piilo- 
bluo sciiles iivid rosottes hi-o uol unconiiuou in 
the zinc ores. Pino uiirichalcite ^'as I'omul iu 
Iho riv.ii Blossom No. 1 Diiiio and also oooiuti in 
soTovul of tl'.o proportics nbovo montioiitid. 

All i.hoao zinc minorals are n^^sociatoil with 
ciJcitc, g:yps\im, and iiitigonito, and sonio of tho 
aragouite contains a littlo kiuc. 

Adnmiio, a '/uic ni'souato, has boon found iu 
ono spocimen from Uio Iron Blossom miiio, on 
liiaonitfi. 

BtSMUTR MlNEnAl.S. 

BisHTUth miuorala bnvo been foimd tit scvorid 
nnnet* in iho tiirttrict , ])art.icidarly in tho Miim- 
inoth, Boss IVoin.1, Ciivisd, and Emerald. A 
composite t^amplo of oxidized load oros from the 
Gemini, Victoria, Kitgio and Bluo Bell, and 
Colorado mines yielded a distinct traco of bis- 
muth, 'nio molid is thus probably present in 
most of tho Tintic on^. No bismiitluuitfl (bis- 
muth sidphi(lr) bus yet been identified, but the 
earlier report ;jtftt(?s that nativo bismuth occurs 
in the "Enionild antl Bot-s IVeetl minima; in 
Iha Emcrrdd small cij->itiils of tho. motal were 
found on liniostono iii tho 500-foot level apart 
from any lojown oro body or vein material. 

BismuLito, a basic carbonate, is stated by 
Tower and Smith to occur in the Boss Tweed 
mine in \ofy ronyidcrable bodies assaying from 
5 t*> 40 per wMit metallic bismuth. It is said 
to be an isoti'opic straw-colored mineral whi<:h 
offervcscGS fively with acid. Bismiltito also 
occui's Its yellow crusts on rich hornsilver and 
fti"pcnlitc ores in the Victoria aud Eagle and 
Blue Bell mines. Bismitc (Bi^Oj) has been 
identified witlaout much doubt in yellow 
earthy crusts on oro from the 1,200-foot level 
north in the Eagle ami Bluo Bell mine. 

In 1914 a new dis^covcry of bismuth ore wa,** 
made in the Mammoth mine on tho 600-foot 
level. A face IS incbe-s wide contained. aceorJ- 
ing to atatotnents of the ofiieere of the mine, 
16,2 per cent of bismuth, 5.7 per cent of ooppor, 



■and 121.6 ounces of silver and O.SS ounce of 
gold to tho ton. Another nssny actors 16 
inches yielded IS. 12 per cent of bismuth, 2.6 
per cent of copper, and 153.7 ounces silver and 
O.G'I ounce of gold to tho ton. A picked 
sfljnplc of yellow ore contained 32 per ecnt 
of bismuth and some green coppor oro yielded 
2.08 ])er cent of hisniuiJi, 10. 3 per cent of 
coppor. and 44.5 ounces of silver and 1 ounce 
of gold to tho ton. This oro has been carefully 
examined byA. II. Means and found to eojLsist 
uiMinly of hismnth ai-senate with bariie. 

The mineral was separated as far fls possihle 
from the barito; it forms yolhnv ci">'ptoerystnl- 
linc aggregates. Tho speciKc gruAnty of the 
pure material is 5.70; the refractive inde.s 
close to 1.60. An analysis by II. C. VVeUs ' 
gpivo (ho formula 2Di,0,.As,Os.2H30, nnd the 
mineral was named lU-seiiobismite. 

Gold, sdvwr, and bismuth ha^c probiibly 
been I'onctintratod hi this ore by tbe action of 
oxidizing processes. The neigl-.boring (3po- 
hongrt mine also contains bisroutii, for an out- 
put of 4,OflO tons of oro yielded from 0.2.S to (),(Jl) 
per cent of bismuth. 

A bisraulh oxychloride that is probably 
itientical with daubreeitc was found by 
Mj-. Moiios - on :i spccuncn from tho 1,200-foot 
level of the Eaglo iind Blue Bell mir.c. Tho 
mineral occurs as small hexagonal prisms. 

Mixitc, a basic copper-bismuth aisonulc, 
forms bunches of deHcatt^ blulsli-gr(!cm needles 
and has been found in the Ajax, Mainmotli. 
Boss TSvced, and Carisu raiues. 

UR.lNimi MINKRAL. 

So far ns kiiOwn neither uniiiium nor vana- 
diun\ is conunonly found in the ores of tho 
Tintic district. Minute yellowi.sh-grRcn tabu- 
lar cr^'stftls of zeuueritOj a hydrocs copper- 
uranium arsenate, iire founil in sorac of tlie 
barite in the oro of the Ctsntennial Eureka 
mine. 

THE ORES. 

The general cliaraotor of tho orcw is do- 
scribed on page 125. In tliis section it is 
proposed to present thtju" composition and 
texture in a more detuiled niiirmer. The 
character of tho primory ore will be first set 
forth; the changes in this ore due to oxidation 
will be taken ut> bUor. 



' Meais, A. n.,Boinoiic-.v]nfnpniIOL'CuiTaiic«gInimtboTirttcclls:i1rt: 
Am, Jour. t"ct., *ih scr, vol. H, ]>f. 125-130, WIO* 
>I(l0ID,p. JX. 
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GENEBAL OCCUTtBBNCE. 

The principal ore dnposita of the Tintic 
distriot aiv- contnlned in the Paloozoic limo- 
ytone find doloraite. In the southern part of 
th(i difitriet ligneous roeks predominate and, 
bring of Intnr a^e, eat ofT the sediment? of the 
northern piirt. The igneous roelca in the 
rainhig ili^lriet proper are mostly intrnsivo 
tuid consist mainly of nionzonitc, morwonitn 
pnri)ii\Ty, and the Swiinyeu rhyolite. All 
thp!i0 rocU.s rjontiiin ore-besinng veins. In 
general the veins strike in a northeasterly 
direction and arc eonlinucd in the vein zones of 
the ficdiincntnry area on thonortli. (Sec PI. IV, 
in pocki'l.) The Iron Blo.ssom zone continues 
nImosL without intoiTupiion across the eon- 
Itict, tlioogfi no single vein con be traced 
from thi! igiu'ous into the sodimcntary rock. 
In the Iron Blossom mine the vein for some 
little di^lanrxi follows "ho eontnct., which 
Ineully tren<ls norili. In iil least one pliice 
iit the Manimotli /.one, however, at the Lower 
i\riiniinoth mine, the vein is traced iininterrup'- 
cdlv iieross the contact,. 

The niinerul eom])0sition of the veins in 
moii/.onife and ii; the jjorphyries is ijractically 
idiuilical in eluiraeter with that of the copper 
(kiposits in the limestone. Buritc ami qunrtis 
are the gangue minerals; pyrifo and enaj'gitc 
with ft litfle galena and zinc blende are the 
ore ml morals. Pyrito, however, Ls much more 
abundant than in the deposits in Llie limestones. 
TIiP evidence is conclusive that the veins in 
)inie«L«nc imJ thoHc in the igneous rocks aro of 
I lie sunn- ago and were formed by the same 
ageaciet:. the epoch of vein formation following 
bliortly iiftor the iatrusioii of tbe monzonite. 
This ci)uclusion iloes not ogi'ee with tliat pre- 
sented in the earlier report, in which it was 
nssumcd tliat the veins in the scdiraeni nry rocks 
antedated theinlru^ioii of the monzonite. The 
(evidence for the view here set forth was ob- 
tained from mine workings openeil since the 
field work for the earlier leport was done. 

OBES IN IGNEOtrS HOCKS. 

ALTBKEU MOXZOMTK AX1> itONZONlTK 
rORPHYRY. 

Along tile veins thcnioiizor.ite and monzonito 
por|>hyryhavo nndei-gotie a marked alteration. 
ClosQ by llie vein contacts they have been 



completely replaced hy quartz aceom]>anied by 
alittlcscricitennd p^Tito. As distaneefrom the 
vein inoroiises silicification is le.ss complete, the 
quantity of scricite increases, and the pyritc, 
though still present iu small quantity, is in 
plat'cs more eon.spicuou.s. Still farther from 
the main veins the quantity of replacement 
quartz and scricite diminishes and chlorite, 
epidote, and culeite are present. Pyrifo is 
persistent. The altered rocli is nuich shattered 
and reeemented by networks of veiiJets con- 
taining qiinrtz wi'.h a bttlo p\Tite and clialco- 
p>Tite. The copper content, so far a.s known, 
i;^ too small for the rock to be of valiie as a 
low-grade ore. 

Nearly tim whole nre-i of these igneous rocka 
shows alteration to a gi-cator or loss degree. 
A considiu-ablo part of the rock at tho snrfiico 
has boon .so bleached by weathering that, it.s 
exixct identity can not be dotej-roJned. Tiie 
principal area of bleached rock extends north- 
eastward oloiig tho chief vein zones, and a con- 
tinuation of it is seen in the rhyolite area east 
of the Coloriido mine. 

In (he- following t.able is given a chemical 
ani»lysi."> of the scvicitized monzouite porphyry 
(column i; from the vicinity of the Dragon 
iron mine, together with one of relatively un- 
altered monzoidte (cohimn 2) obtained near 
the Iran Duke mine. Both analyses were 
made by H. N. Stokes. 

Aiiahjsiit of uHiTcfi mnnznnlta porphyry and i;.liU!\c'it 

MmiUtri-rJ T\UtltS(JllUti, 
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Comparison of those analyses sliows (hnl the 
alteration i^ of tho chiiruclcr UMutl h: sm- 
cilizi'd roflvs. Sihfii, pol:^^;ll, walor, nnd proh- 
ably pu]j>!iuv huvo bi'on introtiiiccii; f^diia, ii-ovi 
oxides, Ihiie, lung^neyia,, ami iniiioi' tiuisUliiciits 
have hi'i'ii Inrguly removiul. Tho rr)no\;il of 
iron onUIcs is in keopiri«; willi thi' in;irkc<l 
inci'oa^e. t>f silica, \\hich inipbt's i':il.lK'r iiilmwc 
altcnition. The iron rcproscntod iit tlii.s liiuily- 
sis, Uowrvor, ni:iy be hr.low tho avonigo, for 
delorminntiouy of tlio pyrife content' in fivc^ 
siimplcfei ot altered rock from a drill hole n<'nr 
the lirooklyn shal'fc showed it. to niuge from 2.5 
to 7.71 por cvnt (uvcrago, 5.17). How much of 
t-hjs ]>3 rite was iii-tusdly in the rock and how- 
much in vcitdots is not known. This pyrilo 
containi'd Vi.7 per cent of copper, ecjuid Ii> 
0.5 per cent of (he orif^iiud rook. 

UOCKS. 
DEVELOPMENT. 

TliG veins m the igneous roclv.'^ are shoH. and 
numerous. Only one of tiicjn Inis boon worked 
io n depth exceeding 500 foot, and Uic pro- 
duction, (hiMJi^li c-oming from i\ great number of 
dopo.'sitti, hiifj heon insigniJionut, compared to 
tho yield of the deposits in the limestones or 
dolomites. A siUiiU oul-pui bns always boon 
maintained, n^ost of it from the Swansea njines. 
Of the other mines the Sunbeam, Undine, 
Brooklyn, Shoebridgc, and Old Susan have at 
times yicltkHl ,some ores. In 1908 iKc ore pro- 
dueB<l from jnincs in the igneous area amounted 
to 1,141 short, tons. 

Pui'ing I!)ll the Swan.son mine was the onl^' 
birgc mine in igneous rocic doing aystcinatic 
■work. A few were htnng worked under lease, 
but uiuy one of these, (he Old Susan, southwest 
of Sunrise Peak, wus visitiuh Tho roisons 
given for the idkmess of tlie bii^cr mines were 
the exhaustion of o.\idizcd ores at ground-watCr 
level and the simill size and irregular ocrurrencc 
of tlio pay strealcs in unoxidizod ore, which 
were not vahiublo enough to oft'set the expense 
of pumping the large volume of water struck in 
the deeper worldngs. Most of tiic mines were 
idlo when the fii"st survey was n^.ado, and 
almost nothing can be added U.i the. descrip- 
tions of (hem in (lie earlier report. Examina- 
tion of (ho duni[>s of some of these mines af- 
fordetl an opportunity to study the character 
of their ores. 



STRUCTURAL FEATDBES. 

The deposits th>is fiir worked arc all iu veins 
oi varying length iri vcrlicid or nearly vertical 
Hheoted y^nes. 'ITio dip of the veins ibi stc.cp, 
and the gouiu'al trend of most of the main fis- 
sures is north-northetisl to uortheiist, ptnallol 
to the long axis of tlie monzonito nu\3S. The 
SwHiiHeH lissmc trends a little w^^t of north, 
but. tliis, tivo, parallels the contact betwoea t\w 
nion/A>ii.ilo iind rhyolile porph>Tv. In some 
])lacr8 two imtin fissures unite directly, imd in 
a few plaices two such fissures ai'e lonnocled by 
cross fissiu'es of northwesterly or northeasterly 
trends, (^nly a very lew seiitteied veins were 
stutlicd s<>u(ii of the ar(-a shown on ihc nnip of 
Iho Untie mining district. fPl. IV, in pocket). 
These seem to Inive a (ondenry to radiate from 
the summit of Sunrise Peak. 

MraERAL COMPOSITION. 

The slatcmenl.s here nnule as lo the mineral 
eomposititin of (lie veins ai'e based on a study 
of the Swiinsea win and of juateriid on the 
dumps of the hirger mines, especially the 
Brooklyn, Martha \Vnsliingtcui, and Sunbenra. 
The ore mijierald found are. in (he order of 
abundance, pyritc, galena, ami emirgitc, with 
!\ very little chalet )pyTite. zinc bleniK*, .^md 
ar5(uioi>yrilc. TetJ'ahednto at-so was noU'd by 
Tower and Smith ' in one of the Xcw State 
(ITviited Tintie) veins. Silvei' and in some 
plfices gold are present in those mint-nds. The 
gnnguc minerals arc j>rincipally quartz., barite, 
and the minerals of the wall rock, moix- or less 
e.uuipleU'ly replaced by quart/, and r^ericite. 
Alunite is present ii.s a minor microscopic 
oonsdtueufc. 

Of Ihese ore and gangue jniiicrals, quart/, nwd 
pyritc occur both in the vein fillings and in Mie 
Willi lock at a considerable tlistanre front (he 
main veins. In fact, all the igia^ous rocks in- 
closing the veins south and south-southwest of 
the Dragon mine pi'actically as far as Uianiond 
Gulch arc distinctly siUcilied innl impregnated 
with pyritc. The same siheificd and pyriti?,ed 
zone extemls m)r(.Iu-usl.win'il from iho Orayon 
mine lo the bills north andeastof Kuhy Cjmyi>n. 
The quartz that fills openings is generully 
cryst;iUiyxHi as sninLl pi-isnis and lines (lie cav- 
ities; that which rephiccs the wall rock is line 
grained and of cherly appeiirynce. The pyritc 
in oponings foi'nis small pyritoliedi-ons, cubes, 

' Townr, 0. W,, Jr., unJ Emllh, U. O., op. cit., p. 7M. 
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flud in some places octahedrons. Il is uUo 
prcsciil in ma^fsivci fomiin thpveinsprojjer, anJ 
Lhc iitljacont imprf^natcd rock conlaina scal- 
terod shapele>;a grains, the largest uf which 
hftvo Koine upproiicli to pjTitohcdral or octa- 
hedrnl oulliue-s. 

Soricito is 'mroiispicuoiis (ir uhscal, in tissurc 
or cavif.y lilliiijis hut is nhuudant throughout, 
the siliciHcil and pxTiLizcd zone. In fact,, tho 
rock of this zone is e^sentiiiily a quai't/^sericite 
nSgi''^Ki'-'** v,-\t\\ an iiTogular though jis a rule 
coiLsitU'nible amount of pyritc. This rock at 
Llio surfftce hiis weathered or biciu-hed to a 
chiilk^'-whitc color, stuined in places by hro\m 
iron oxide. Sei'icilc oxLcnds even bcyoud this 
zone und, \^nth chlorite, (ponaino and dele-ssitc) , 
is found in microscopic crystiils throughout the 
igiifMiUrt rocks of the liiwtriut. 

Tiuv other ore luid gaoguc niincruls are rt»n- 
(ined to iisjiurn Jind <'avity fillings or to com- 
pletely vcpl)icc<l rock closo hy or within llic 
sirnnger veins. Burite is widely distributed 
and ia especially proniinont in the voiiis soutU- 
southwest of the Dragon mine. In. some ajieci- 
moiis it appeurs ouite a« conspiouoiis as qiiurlz. 
but, it is i'hs(5nt in the Swnnsca vein. It fonns 
Hat tdbvdiir cr>'stiJ-s in rougldy radiating 
groups Ihut inLoHock in a nctft'ork (ho intcr- 
Hpijci's of whieii avo jiartly or complcU'ly ftlJed 
with quartz, pyrite-, nnd enurgitc. The micro- 
scopio aliniite seen is u]so cuufined to fissure 
fiUi)igH or to thoroughly re])liiccd rock, in c^n- 
Irast tu sericitc. Both of these minerals have 
been found in the same thin section, the aluuito 
iu the voiu quartz and the sericite iu the im- 
niedidtol^- adjacent wall rock. 

lOimrgite, sw) far as scon, is Ibnitod to por- 
tions of the v(iins thiit carry burite. It oc^-,ui-s 
in lui:al eoucciUrrttioiis or shoots which arc 
vei-t-icnl or iiitcli sli-cply on tho ]>limo of the 
vein. Tho euiirgito is iu rather coarsely granu- 
liir nias!«^, in which sioglv grivuis present 
glititenbig elongivto cIcHviigo surfaci's; tiroTJuid 
cnvities it develops twin crystiiU, most of thcin 
«tat«d with sonio green, secondtiry copjwsr 
miueml. Altmg ("he mai^iiis of these ahwits 
ouarrito mid pyi'ito aro bittirgrowu in v«ryiiig 
ju-opuniims. 

Galouii, lik(5 the. tmnrgito, occui-s ir,tergro\v-n 
with pyrito aromid tlie muvgbis of elongatio 



shoots, hut it has no do6nite rolatioua to otlier 
ova or gangue minerals- In tlio Honicstako 
and Joe Bowers No. 2 nunes on Treasure Hill, 
nccordiug to tho otrlier report,' galena and 
einirgite occur together, and in the Joo Bowers 
Xo. 2 galena is also present in tho upper work- 
ings ftbovc tlio limitJi of tlie enargite. Iu the 
Swansea niuio mucli galena has Ixieri mbicd, 
but no onargito or harite, ao far iis >;nown. 
Enai^ito ajid barlte appear to bo lackutg also 
in the Old Susan nime, southweitt of Sunriae 
Teak. 

SUvor 13 highest as a rule In the galena and 
enargito shoots; b^it pyrito \n parts of the 
Swanaou mine is said to carry onough silver 
to muko oix). 

ITio gold as a nilo is rarely visible to the 
uakod oye, iind the assays show that it is noti 
;ibundant in the oi-cs; it Ciin not ho definitely 
said to bo associated with any particular* 
miuoral. Pyrite, cniirgit^e, and galona have uU 
been said to carry gold m difforcnt ir.inos. 

Chalcop^Tito, zinc blende, and arsenopyritc 
aro too scarce to give .iny dolinito idea of tboii* 
modes of occuiTenoo. ChalcopyTile and zuio 
bleudo ai'o probably intinuUoly mixed in very 
snnill quantity witli the other ore muicriils; 
u few small prismatic crystals of arsonopyrite 
have l>eon detected iu a specinieu of Swansea 
01-0. One specimen foimd on tho Jfaitha 
Washington dump contained a fow aggregates 
o:' zinc blende crysttils grown), upon a vug luiing 
of quart/, crystals and inclosmg a core of 
pyTJte. These crystals of /.ine blende aro 
clearly of hitor gmivth than t'no quartz and 
pyrito. 

Tho see^mdary oi-e minerals have i)eon 
chiefly lead carbonate, with n fow copper 
mmerals and probably some horn silver, iiut 
l)ractically none were found on. the mine 
diunps during tho rcooDt survey other (Inm tho 
few aheady raentioiiGd. A small amour.t of 
crnndaUite, a hydrous cjileium-alumimur. phos- 
|>hftte, wns f<mnd associat<:id with green sec- 
ondary copper minerals ani-1 melaconilKi In a 
spocimcJ! from the Brooklyn dmnp. 

Soroo idea of tho composition of these ores 
mfl3' ix; given by the following avi-rages of 
smoltei' returns: 

iTmrar, O. W^Jr,«a<S Smith, O, O., op. plt.,p. 7L.5. 
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Sfitiio of tho sliiptiieiiLs ro.prrsentcd by thpso 
^vivps fiouhtUfsa wwo mixtures of prir:i;iry nnd 
scctindary oix-s, and compitrisous of the relative 
quontities of tlie different inptals should bo 
mudo witu tliis fact in mind; but tho high per- 
centages of sulphtu- and its genoral predouii- 
nujico over iron show that primiiry oi-ca mnde 
up tho hulk of the shipments. Gold appenrs 
iiidcpoiident of silver but shows tho shdip ftp- 
])ro.KiJiiato variutions us copper and woxild thii-s 
nppear to occiir cltiofly in tho onurgity. Silver 
shows no dofinito rehvtiaa to either copper, 
load, or iron, perhaps because tho presence of Ci 
small amount of secondary horn silver haa uui- 
terially increased tho total silver in phicca 
whoro the originul silver-bearinij minorald are 
not p;-oniinoiit. This would appear to be the 
ciisG in tho Bi-ooklyii mino, whore tho silver is 
highest-, the copper low, utid tho lead pi-acti- 
cally nb.sent. Tho copper and lead, aco-irding 
to those, figures, have as a nde occurred sepa- 
ratuly; but oUhouji;h the figures for the Home- 
stako niino give no lead, the dt'scription of the 
inine, as woll as of the neighboring Joe Bowcre 
nujio, in tho orti'hcr report' states that enar- 
gito and galena uro present togother. Tho, 
ratio of speiirS (ursonides) to copper is mnrked , 
in most of the analyses. In tho Swansea mine, ' 
whore oxippor is pvucticnlly absont, tho spoiss 
evidently reprcseiits the small nmount of 
flreonopyrito in tho ore. The 5)iiall yet nithcr 
constant anmunt of zinc is noteworthy. Tho 
zinc is independent of copper, and thus nppotirs 
to have been present us zinc blende ntthcr than 
a minor constituent of ennr^ite. Tho very 
small quantity of linio iigain indictit^-s that the 
gfingue contains oidy a very httlo dolomite or 
calcilo. 



iToww, O. W., Jr., ukI SmiLh, G. O., op. dl,, p. 7W. 



PAHAGEKESIS. 

Tho iiitinnito iissocintions of tho ilifTereiit ore 
and gitague niineriils indicatxi thttt tlusy cvys- 
taUizod for the moat pnrt sinudtnneoudly. 
Quart it and pyrito, both of v.'hich iniprej;nute 
tho wall rock nnd form the edgvs of fissure 
fillings^ mity hiive preceded tho other i\iiner- 
ols, but thoy continued tocrystJiUizo thmugh a 
coiisidevnhle period. Barito begun practically 
at thosrtuio time as tho quiU-tz tmd pyiito but 
grow more rapidly, and durlngaj-elatively short 
period, for burito crystals whosit ends on tho 
cavity wall ure parallel with cryst-tds of quai'tsi 
and p5Tite arc themselves coated idong tlirir 
aifh'S and pnrtly replaced by crystals of tho 
other two nnoorals. The euni-gite nnd galena, 
lis stated above, tend to be wmccntrnuui into 
shoots, und umy be- as a whole of s(jmcwhnt 
later gmwth; but where they are in etnUact 
with pyritc they aro nmtuidly intcrgrovni with 
it imd must at least have begun to crystallize 
while pyrito und quartz woro still forming. 
Tho few crystiUs of ai'senopyi-ito and cludco- 
pyi'ite are scattered among grnnulnr masses 
of p>Tito nnd must have crystuUized along with 
tho pyi-ite. Zinc blendo may show tlio same 
relation^ but in tbo ono specimen found with 
prominent blende crystals the blende was of 
distinctly Inter growth than both quartz and 
pvrite. 

ENRICHUEKT. 

fvitrlo can be said about the sceonditry vein 
minerids, beyond a repetition of the sliiten^ents 
in the mine descriptions of tlie earlier report^ 
that tho veins above water level hnd nJttfi-ed 
to limoiiite with carbonates of lead and loi^nUy 
of copper, continuing considerable silver in a 
porous moss of quart/.. This nltenition cou- 

> ItlfSli, pp, 7!j7~7iX. 



154 



GEOLOfJV ANtJ ORE DEPOSITS OF TIN'nc MINING DISTRICT, UTAH. 



cenlrated the valuable motiJs iibovo water 
level into rich ore bodies, in the -snmc reins 
tliat- lu'low water level have proved lo ton- 
tiiiii ojdy inc.iger shoots of pay ori% too .smiUI 
to yield profits over t.l;e julditionul expense of 
hrtiulliog Jiirge qunnti1.ies of water. 

POSSIBLE LOW-0HAJ3E DEPOSITS IN ALTESSD HOCH3 
AROUTTD THE VEINS. 

The silieificfl ami pyritized rook iuclasing 
the. vein /.one h I'ouiid on close iii>ipectio:i to be 
mucli wliiiltcred unci reeemetil^-d by a networii 
of veiiilets, niLiny of tlieni ot' niierodfopic size. 
Some of these vcinlols e.onsist idmost wliolly 
of qmirlz, others larji;ely of pyrite, niid soiuo of 
cIi!dcop_\Tit.c. The bleuehed reek at the sur- 
fnrxi is mostly lertched of melttUic ininerMy, und 
il3 sei-icitc has been, ciuuij^ed lurjjjely to kaohn. 
Tlierc is some possibLlily, llseroforc, that in 
pliiee.s, downward concentrntion of copper 
orifiiiiully in pyrite and clmleopyrite niny have 
fornird workable deposits, but the smidl 
iimonnt of dinmoiid (billing done by the 
Dragon Cousolidnted Miiujig Co. iuis not yet. 
ju'oduci^d very encoiiriigiiig redulia in this 
rospeet. A verticid hole wns drilled l>y tliis 
conipiiiiy in the guleli about 440 feet, enst- 
soutlieust of hhe Brooklyn shaft, puswing 
tbi-ouj:j;h .')31 feel, of porphyry before rciu'hing 
any linie-stone. Four sani])les of the poipiiyry 
core between depths of 4:^ nnd 6S feet were 
ernsheil and pinmed with the following results: 

Pi/riu iu ftimiiiti of porph<jf-it fi-om h'h '-'•■<( 't'/ irt gtileh near 
Broi>f:iya tiui/l. 
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.Viiotl'.er UiO-gnun sample from a pro.spoct 
tuiuiel elose to the surface and closo to or in u 
fissure /.oue was al?o pajinod, yielding 4.22 per 
cent of pjTite. The average copper content 
of Vh.o five samples wns 0.5 per cent of the 
original or about 9.7 per cent of the i)yrite 
eonrenlrates. These samples^ idtbougli taken 
, above water level, indicate that o.vidation, 



below the gulcli level at least, is vviy slight. 
Utiles drilled in higher ground, whieh is more 
leaehed at the surface, may show somewhat 
higher poroent-ages in oxidized ore within the 
(Irst lOO feet, but the figures just given should 
bo more repri*sentQtivc of the wliolc ground, 
ar>d the copper content in these samples is 
lower than the content m the workable dis- 
seminated ovt}^ of the Bingham t^'pc. The 
lowest; grade of developed ore in the Utah 
copper mine at Bingham in 1911 contained 
1.2.S per cent.' The average cop}>er content 
in that year was 1.5;^ per cent. In ] !)I4 it was 
•1.25 per cent, of which 66,04 per cent, or about 
0.<).^ per cent of the ore, wiis saved.^ Ore 
mined in 1911 yielded 20 cents to the ton in 
gold and silver; that mined in 191-t yielded 
about 13 cents. The same ratio of saving from 
the sampled portion of the porphyi'y :n the 
Tintic dii>trict wo^dd amount to i>nly 0.35 per 
c-ont of the ore. or a little over one-th:rd the 
amount saved at Biugliam. Further pros- 
pecting, of eoui-se, may diselose ground of 
higher grade, and (he oidy eoiielusion now 
wflvranted is that a workable deposit of low- 
gradu disseminated copper is n possibility but 
that tlie evidenee at present iy unfavorable, 

OBES AND VEIN MATTER IN THE DEPOSITS IN 
SEDIMENTAKY BOCKS. 

aiLron'ICATlOX of U.MKSTONK AS'D DOtO.MITK. 
FIRST PHASE OF IIIHERA1.I2ATI0H. 

The first phase of the nxinerulizataon eon- 
sislod in the replacement of Hmestoiie and 
dolomite by silica, barite, pyrite, galena, 
euai-gite^ and other niinoruU. Practiciilly all 
the ore bodies except tiioso consisting of 
almost noussive galena or leiid cnrbonates are 
siliceous, the gangue consisting of quartz and 
l)arito. Barite is very abundant in some of 
the copper ores — for iustanexi, in oertaiii 
plaices in the Centonnial Rui'oka mine. 

Thesilicificd limestone or dolomite is usually 
a fine-grained gi'ay or bluish-gray rock ranging 
to dark gray nod black. In the southern 
mines of the district, most of whieh earr^' 
copper, much of it is of coai-ser grain, some 
rt^embling a fine-grained iiiiartzite. Li the 
lead mines il is in phices of llinty or ehorty 



I Butler, n. 9., Thffl*ru:!uc'|flOO(roiii«'f m l'i\}'. V. S. Oeo!. Si:n,-c7 
Miiirnl H."wirf-.t, 101 1, p*. l,p, xt, Wi?. 
' iJuMcT, U. a.,Coi^i>w Id I'ji:: V. S, Geoi, Sun'oy iU«ifr..l llPhuurces, 
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appearance. Tlio rock Usuully coaUuriA at 
least- a few r)ri>>ins of burilo an<i prot>;ibIy 
always curries atliMisfc a trace of silver. Galena 
or enarg^itc niay be present in f ho silirifii^d 
vocU — the jjisporoid — in large ou(»uirU rjUaiility 
(o make the nialcrial an ore, but llio jjirratcr 
part of (he inclalUc- inir.oruls of the iti;iM)si(^ 
■vvcrc probiilily introclute.t] during tho si'cond 
phasic of tho inincraiiy.iitiou, 

(lasi)eroid with liltlo motnllie content sur- 
rounds many of the oro bodies, and in pliic<*s, 
as in tho Bock Tunnel ami Iron Blossom mines, 
tliedc masses of sijinified limpatonc or dolomite 
are of Im-^c si:5e and cxtotid lor lOU foot or 
more from the ore 



tidvitm-ed like a \v;ivo over the e-ounfry rock 
unlQ llie impulse was cxhiiusled. 

The silifiticatiuu hi the Tintic district is 
clearly of the l^ittcr ty]>e. It is almost impos- 
sil)lc to ohtiiiu a specuiioii showing tninaitinn 
or a jmrtly siliciiicd limestone or dulomitc. 
Tlic boundaries sro evcr\'^vhoro sharj). 

In places fragments ot dolomite (iro included 
in the jaspcroid. In specimens of this kind 
from the Gemini ami Iroa lilossom mines the 
contacts of these frngmenty tiro distiuctly 
outlined, oven ^vhen observed midcr the 
nncroseope. A fe^' small quurtz i;;rains may 
bo ineluded in tho dolomit-e close to tho con- 
tact, and some mimitc residuary cnrbouuto 




fKJUKK 3D, — iBciplent slHo'.n«if i<m a( liirioslocp. Asi>.'n, Colo Eii- 

J. D. Irving ^ was the fii-st to call nttentjon 
to the fact (hat there iire two kinds of siheifica- 
tion connected with the fonnation of ore 
deposits. In some deposits silicification is ft 
grndual process. Beginning with tlio dovelop- 
n\cnt of quarta crysltils at numerous points 
{iig.'IO) these crystals increase inslzeandnuni- 
bcfSjLnd finally tho whole rock becomes a ni;tssof 
fine-grained quartz (fig. 21). In other deposits^ 
such as (be reT>lacenieut deposits of thi^ Black 
Hills, the boLuidfiries of tho silieifiod nnitcrial 
ore sharp, and aU (he rock from the fissure to 
the final limit is eompletoly replaced. Nit 
tvansiiiou rocks are found. Tho repliveonieiit 

' Somi> ftiaturm of rv)}tiLC<>in(>Dl oro t>c<l:<« ntwl Ihi; cntcrln by mentis of 
whieJi Ihtymtiy bi n?pnniix«1; Caniillnii Jfln. Iiiat. Joht-.toI. i*,p.423, 
l»ll, Efxnl. Gvo'tOKy, Vd). b, pli. iKw, .3i$, 1911. 



FlGrnr, 21.— SJliP|n«l lifiifMnno i.'JVptroll), -Vjwn, Col.v. 

grnitis ho in the jaspcroid. Nowheixi doe^s tho 
sibcification begin — as it dore at .\spen, Colo., 
and many other places — by the gradual devel- 
opment of quart z cryatiib in the cafhtmate rock. 

Some of the silicified jnatorial from the Cen- 
tennial, Miimmoth, and other copper mines 
shows, under the microscope, a fino-graiiicd 
nllotviomorpl\ic textui'o, the quartz grains 
being sharply outlined and approximately of 
the same size, averaging about 0.1 nnllimoter 
in diameter. Jasperoids from other mines 
nuiy also consist of grtihis of corrcspoDtling 
coai-seness, but thia is usually caused by 
quart/j depa^ilion of the se<Tond phase. 

Typical specimens of jasi>oroid show under 
the microscopp a very fine grained Jiggrcgnte of 
quartz, the individual gi'iiina being rarely over 
0.025 uiillhnetcr in dianietci' and ranging from 
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this down U) mati^riul vhkh iw lutrdly re-solvcd 
bj"- objcclivo-y of tlic hjgrlicst power. Tho 
gTiiias iiris closely iiilcrlockeil, mitl cin-li one 
shows undidourt extinction, indicating iibrons 
texture. In some 3(?ciioiis trie D\iuiitc gi'aiiis 
seem to bu rounded or !j;lobuJ!n". Kapid vari.i- 
lions in size of pniin are seen at many places. 
A narrow b«.nc!iiig due tn the distribution of the 
wulpliidcs is vory coianion, and hero jind Lliorc 
it is concentric iind indeficndcnt of fis>,m'ing 
or slia-lification. Tliiy a;rj?]-ogiito is usually 
sliglitly brownish and turbid, in part probably 
frnni finely distributed organJo rnattor, and lo- 
eiOl}' corUairiH snutU gi'uuis of pyrite, galcnti, 
antl ycUow zinc blonde. In the copper uiinc-s 
it cotitains woU-formcd but small crj'staJs of 
pyrite and Monie lurge cryBtok of cnar^te. 
,VU the sidphides seem to bo lt:.tcr than 
the (jaoi-tz ap^^'cgato and replace it.- Small 
]n-isni^ or pJaioM of burito are present in much of 
tlu) rock and iirc evidently the earliest proilnot 
of the rcplac-cment of limestone. The succah- 
sion \A then in general (1) barite, (2) quarl/i 
ftggi'egati\ Oi) sul])h!des. If any -sncees^sion 
can hi^ observed among the snlphitlc:* pyritc is 
usually found to bo the earliest. 

A tj^ticiil spceimou fi-om the Gemini nine 
(PI. XIX, A) is a fiuc-graincd brownish-gray 
rock, faintly banded bj' the disiribution of 
extremely fine gi-nins* of galena. The material 
under tlio niicroseope proves lo bo (juartx, in 
gi'auiM whose lUaiuetci' does not exceed 0-02.5 
millimeter. In this nro disseminated abundant 
rounded grains of yeIlos\' zinc blende and larger 
gi-atus of gidena, at most 0.05 milUinctcr in 
diaincler. liotii sulphides in places show a sug- 
gestion of erj-stid form, and though grains of 
hotli n\ny be attached to each otiier they never 
show inti^rgiiiwth, Thcro i.'^ no pyrito. Tliis 
material enasiitutcvs in puvv the lowi^t-grade 
ore- in the mine. 

The strongly liatub'd jiv^jtcroid is re])msen(^.d 
by a specimen from the Gemini mine (P!s. 
XVllI, B ami XIX, 7J). This h a. ehorty 
l>luish-gi-ay rock dolieateJy ami beautifully 
miu'ked by aJternatiiig hghk nud dark bands. 
Thrt dark hands nre 0.2 to 0.3 millimeter in 
width, the, light bunds about 0.6 millimeter. 
The banding, though curvf^d in places, keeps 
ita dirnction throngU a hirgo part of the speci- 
nuMi, but the banded rock merges into ordiniLry 
jiwperiiid witliout banding. Undei' the micro- 



sco]>e the ratiier slnu-ply defined dark bands 
consist of \'ory nno grained quart,/,, with allot- 
rioinorphic texture and ]io niarkcd undulous 
oxtinctiou. '^Tliey contain a. few cubes of p3'- 
vilo, yellow zinc blende in small, rounded 
gi'ains, and more iiregular grains of g:ilona. 
The light bands consist of sphenilites of light- 
brown dialccdony coutainiug small shocks of 
stdphidcs. They are separated b}'" clearer 
granular quartz bordtiring shar]ily against 
thcra. Much of tJiis clearer <:[un.rtz hhows wav;)^ 
extinction, and iir places the ypherulites havo 
been, changed U> gi'auular quartz with similar 
wavy extinction. The effect is exactly that of 
diftusioui rings or rh\'thmic precipitates aimilur 
lo those in agato desci'ibed by Liescgang ' and 
those produced artifically by the same author. 

The jiLsperoid is of the same nature ihrough- 
ont the district, though the finest grained and 
the banded varieties arc conliaed to the U'ad 
deposits in the northern half of the district, 
while in the southern |nivt there is much moro 
white qiiartx of the second pha.se. 

To account for these phenomena the follow- 
ing expluaation is proposed. 

SUicincation of the Tintic typo is produced, 
not by raotasomatic replacement, involving 
tho development of cr_\^t.al?i in solid rock, but 
by a replacement of runestonc or dolomite by 
colloidal silica, which inirae^iiately afterward 
became transformed into clnJccdony or in ])art 
into grnnuhiT quartz. Such a colloidal mass 
woultl bo ea.vily pcnelrate<l by clectrol^'tes, 
wdiich by reaction with residuary solutions con- 
tained in the gel might ca-siiy produce such. 
rhythmic precipilatiou rhig:s as are shown in 
the Tintic rock. Tlio ordinary law of replace- 
ment by equal volumes wonUI scarcoly hold in. 
such a process. The re^^uUing nnsss would at 
fu-st be soft, ea-sil^' eompressed and crushed, 
and tho crystalli/.ation of the gel would involve 
a considerable contraction of vol'.imo. 

The wurk of Hein, Leitmeyer, and otlicrs = 
lixi to the conclusion that chalcx'douy is in- 
variably com])osed of quartz fibrw and that it- 
resnlls from the erystallizatinn of gelatinous 
silica either in the formative stage or at a 
later time, and that gelatinous siiii-a may in 
beeoniirig crystalline turn into either granidar 

iLkw^anR, a.E.,Ori.liii-L'<1n' DilTtisloii^n, p. IM.-WIrD, I'JK-; iv- 
Viuw by Adolph Knofil m K . .^ii- OonVi^y, vol. S, p- Wl, 191.". 
'l^F.tHmjirl:;!:-*! In <■. .\, Oo Itor's Hniulbudi flo lllnfmU'Winio, Ttjind 

S, pp. ifltiao, wo-aw,, wt«j, iyi4. 
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SPErlMKXS OK HA\'I>KI) JASI*KUO|l». 

A Bniwu jasptToiif, J'ljii-S- uiiil i.Jlij«' I'nAl tiiun'i iujivu-i) ■Ajth i|iiiLi*tx ni 
wx^iRil jiKitH*. S«|i]ml .•*)»•. 
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A. GRAY JASPEROIO, GEMINI MINE. 
Btack areas are orains of galena and i:\nc blsnd'j; p.alena mostly in larger grains. Mann'fad 15D diameters. 
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i?. BANDED JASPEROIO, SHOWING DIFFUSION BANDS, GEMINI MINE. 

Li"ht bands contain spiitarulltcs of chalcedony, dark band'^ microcrystaHinc quarlz with pyrite, galena, and iinc 
' blende; all thrco black. W.ienified 2S diametars. 

Photomicrographs of Ores. 
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A. FINE-GRAINED JASPEMOID, BRCCCIATCD AND CEMENTED BY 
COLLOIDAL SILICA, LATER CRYSTALLIZED AS GUART2, tAGLE 
AND BLUE BELL MINE. 




B. SAME, WITH CROSSED NICOLS. 
Black areas are holes in section. Magnified Udiametcrs. 



White areas are holes in section. Mflgnlfied U diameters. 

Photomicrographs of Ores. 
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fjUQi't'/. or fibiTJUs quartz — that 1;^, chiilccdony. 
Heat ncccloratcs the change to (luarlz. 

Tlie fli-Svt slago ol' primni-y deposition, 
tht'ii, involros (.he rrplacemonl of liinrstono or 
doloinitt'. by £;oiatmou3 silicii, pnloosi, and 
■/.'mc lilonde. Sulisciiucnt cry^ihtUizi^lion of (he 
colJoid transfornifd it iiilo i-hidccduay and 
ninro or K'ss tihrous quartz. 

The (.hi'orv of rcphiccnicnt of Hmostonc or 
dolc)mito by coUoidnl siUca is not new, tliough 
it has not been advonoRd boforo in connection 
wilU ore doposits of this kinch A. H. Church ' 
lias f;Iio\\T. experimentally that liuiestonc may 
be rcplrtfcd by colloidal sUien. A solution f.on- 
laiuing silica was allowed to drop on a piece 
of recent coral; the ciilcium cHrbonatc ^\"as 
veplfl<;ed by siliua; tl:c replaced coral was 
covered with a tiiiek film ot' gelatitious silica 
and was very soft. Much lat+'r 11. V. Bain - 
suggostoJ that the black chert ot' the Joplin 
dislricl was formea by such roplacemcut. 
Tliis malerijal is similar to the Tiiitie jasperoid, 
oiul sonic of it is handed in a similar manner. 
W. f>. T. Smith. ^ however^ shttwed later that 
this n-pJncemer.t pi-ocecded in (he normal way 
by the- development of quartz ciystals in tlio 
limc-stoiic. 

SXCOND PHASE OF MINEBJiLIZATIOK', 

QKN'triAL I P.ATUItRH. 

The jaijpei'oid is not everywhere a compact 
rock. 1)1 the ore shoots ospccioUy it contains 
abundant cavities of very iriTgular form or is 
shultcvod and brccciated (see Pis. XVIXI, A. 
and XXIV, A and B, p. IGl). In these open- 
ings wore deposited the minerals of the second 
phase. The}' consist of borito plates, more 
abundant than in the fu-st phase, end white or 
light-colored quartz, muoh of wluch projects 
into central ^'ugs in ci*j'stallized form; the 
individual crystals are rarely more than 1 
or 2 niillinietei-s m length. Ore minerals were 
deposited with the gangue hi hvl'ge quantities, 
and tile galena in particular t-okcs the form of 
Inrgc crystals or grains. 

Many of the cavities look as J they were 
caused by o.orr»>sion, and this is probably 

' Od tlif roinpodLiun, .sTi-tintnn; uDtl fHnimlioii of Ut^II^: I'liilti^ 
HtF-. Uh ftr., ^uL it, )i. 101, W.2. 

' r'tfliinm'.iry report on ihc* le-.iil ar.d <fnc(Jppt»tl[« of iii* Ouirk fr^wi: 
V. S. t'-.wti. Sur\'iiy TwcQiy-fiKoufl Ann. Rii1iI.,Tj(. 3, f-p, Ii», 1U7, IsOt, 
Viir a r^ihw of t\\i\ wlioli^ fTibJoct n-s Plylwathat, C, }■'.., Orlfrin of tho 
tnw onii had iljiposit* nt tli.' j'ii{ilUi rr^loii, 11) bsMiirl, K.-msRS, Mirt Ofclti- 
Wna- t*. S. CtfjI. SLir\-i',v liiilf, (;"■■, ji]i.IISl-l'>:j, llila. 

'.-["irh. W. R. T., and Sli>1i.Tilli ,'., C. K,, V. S. Ccol. Surv-cj- Gw\. 
aUaj. Ji>(ilin tlislripl folio (No. MM, p. U, IW7. 



true iu part. In places the quarlK of tliis 
second jiluisc seems to merge gradually into 
the earlier jasperoid. The eftVct is, in gencrsd, 
just that which might be produced by tho 
eou traction aiul ciibihing of n soft colloid 
miilorifti, such as ihe jaspeitiid is ror.ceivcd to 
have h<^en befnrc it was finiiUy riHTystnllizcil 
into qiiftrtx. In the banded jasperoid the 
cavities may cut across the banding vr itu-y 
niay follow it, tiie bar.ds l>eirvg l->enl. slighlly 
to surround them. 

Many cavities contain a third generation of 
barite plates coated and eoiToded liy quart/.. 

The barite ci'ystids of the :>econd generation 
are in places large and abundant. That tliis 
mir\eral was th<^ first to crystidli/.c^ is show u by 
ils partiiil replacement by quart?., tlie grains 
eatijig into llic sides of the plates; (PI. XXllf, 
.1). jWound these [)artly a-rrixled crystals 
tlio quartz is usually of ^^oniewhut difTering 
grain, either coai-ser or finer than the rest. 

The quurta lilllng in inany spiw.inuMis, jiav- 
ticularly in those from tlie youlhern Jinlf of 
tho sedimentary area, proves to be nornnd 
vein qinirtz of lino grain, allot ricnnorphic or 
hypidiomoi-plijc, with sinirp outlines and i;or- 
mal extinction. In sucli sections obiiijuo light 
reveals dnpositionid lines indicating tlm crys- 
tal form of quartz. 

In the mines of the north.ern part of tho sedi- 
mentary area more or less fibroUii quart/, and 
distinct chalcedony are a^sociatetl with tlie 
graniUar quartz, and many vcinlets in the 
jasperiod consist entirely of chaloedonic Hbei-s. 
In transvei-se or oblique light tho quartz filling 
of the sec'ond phase then shows delicate band- 
ing in rountleil, raammillary form cDtirely simi- 
lar to that of certain agat4?s. (.Sec Pis. XX- 
XXIl.) Nowhere, except at the <!ent-cr of the 
Wig,, is there any inthcation ot" crystal form. 
The irregular outlini's of the quartz grains, 
which mtiy attain 0.3 mUhn'.etcr in dianieter, 
are shown to be entirely independent of the 
banding when observed between crossed nicols. 
Oidy here and there does a eurvm! band of 
chaleedonic quartz follipw tho rounded outlines 
of tho banding. (See PI. XXI.) Such material 
is abundant in the Eureka Hill, Gemini, Chief, 
Eiiglc and Blue Bell, and VicM>ria mines but 
apparently not so connnoti along the Iron 
Blossom line. In the Victoria and GniadCt-n- 
traJ both the crystallir-o and agate-like dovcl- 
opmout of depositional Hues wore observed. 
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tuu\ r.r\ -itiil fiio^s of quartz arc foutni iiniuj; lUo 
vujjs m 1)11 initu-s. 

Ill a spocimou from ihe Vii*tori:i niJno tlic 
whole, moss is made up of an inUn-Jonkinij 
rntiKT coarae quartx cg^egate \villi vriiis of 
distinctly latnr cvystallino quarta. Tho oKli^r 
i[\inviy. shows inululnus and fibrous quart?. 
l.liroup:liout, and ol)IiquG light brings out a 
glnbulnr i;onccntric Icxturo ns of a coliuid 
i|itp(i.-.il. now cliariirdd to quartz. Similar spcri- 
mvns wovf. obtaiiu'fl from ihfi Grand C'l'ntnd 
rtlin(^ 

In tlifi Governor voin, south of iJio Fron 
Blox^jom, tiu! n>placeint.*iit ore iu tlu* ruii'row 
vein (•(iiisisls of older finc-^raincal quarts iwui n 
y'lunj^cr ^joneration of coarse]- quart'/ in which 
ixro. cmb('dded ntuj;y corroded plalos of Uiii-itf, 
TIkti) is nr) ifiditniMon of CiJJuid deposition in 
this pliicc. 

TluM'Xplanatioii i>; confidently ad \^anci'd that 
thoMTond pluisoof tlie priniary niuipvalization. 
cnitsisled iu the fillin<:c '^f the e;!vil.ics of the 
silii',ifi«>d limcHtonc or doIonuLo with crystallino 
baritc and gehitirioufi silicft, whidh sljorlly 
aftiirwiird wu.s tran-sformrd into quartz and 
i'liiduediuiy. In pliu-.i'^j, however, wliero the 
lompenitnrc was higher, as in the snut-horn 
))iirl, of tlie district, tho fiUing was (hiposil,od 
directly as crystftllnio quartz. It is tissumeil, 
thoroforo, Miat t.iio Lenq)crature d'Ji-ina; this 
p!i;ise was nei:r tho bordiM- of stability betweon 
coUuid and erystallizoil silica, but that the w>l- 
loirl silica, on tht* wliolo provoil unstal)le. 

Ki;i.AT10S',s IK IIIK IHUS- III.O«SllU 20SE, 

'Hie relative qnaniities of the josperoid uiid 
qinivtz of the seroud phase vary considen_l)Iv. 
Among the northern mines (he Chief Omsoti- 
dnted, Kagle jnid Blue Bell, aud Victoria sJiow 
lan^c nuussos of jaspcroid fra^-tured and appar- 
ently corroikMl liy wJute druyy quartz. "Mueli ^ 
of this rKiteriid is u low gi-ado oro witli a few 
ouivers of silvi-r and O.S to 0.7 ounce of gold to 
th(^ ton. One .slope uf tl;is kind on tJie 1,200- 
ffiot level in the Victoria mine sjiows a ^olid 
mas-s of gray, deliciilely banded jasperoid ni 
which there are many irrej^ular rcii;s mui "Mdu- 
tion cftviliey" of white quartz. Ii- tliis phu'o 
the wJute quart/, is said to carry no t^Uver or 
pold, and no aulphidos are visible in eidn^r 
qiirirl/, or jasperoid. 

On the other hand, in tlie deposits of tlie Iron 
lilessom /.one the hir^e musses of dark elu-rty 



ja-speroid contain practically no metals and tho 
ore hodies eonsi:>t chiefly of tho quart-/, uf the 
second phase, except certjiin parts t-hnt arc 
(^xii'emcly ricii in cernsito and residmivy galemi. 
Many of tlie bodies are OtJ feet Jdgli an<l 50 Vj 
J GO feet wide and confjist alaiost eniirely of a 
k)osc cellular mass of quiirtu antl biirite, whicjx 
eiianges near tiie luargius to u dark Ineceiitted 
iiisporoid. 'Vho- oNadatiou hius of course con- 
tributed to this lexturo, hut in large purl it 
ricems lo be primary. 

Thin sections of Iho dark jasper(ji<l from tho 
U<'ekTuim<d mine show as usual an uxtei'Ioeking 
nggregjite of quartz with undidous o.vfiiictifm, 
tlie grains of wdiich have a unxxintnm diorueter 
of 0.05 millimeter, Corroiled harite prisms 
are embedded iu tliid material. TrrcguJar 
grains of cei-usite and siuall hexagtmal plates ot" 
plnmUojaro.sitc replace the quart,/, wlijcli is cut 
by later veins of eoai-ser »i^uurl» showiuf^ crystal 
oulhnes. 

Tile cc^Lhdar siliceous ore consists of more or 
less abundant thhi plates of barite, niauy of 
them 10 millimctei-s or raoi-c in diannMer. 
These are in part coiioded and ceuientcd by 
granuhu' quartz wttlL a diameter of graiiiiJ rang- 
ing from 0.05 lo 1 millimeter, Th:s baritc- 
(puirfi; iij^i^regato is lU^o CAtrrodcd and honey- 
combed, and iu tlie- holes arc deposited qno.rt/* 
erust-s of tho third generation, la siorne si.>eci- 
niens the barite is entirely di^olved, aJid a, 
"ha<*.kly " texture results. 'I'hcreare no metal- 
lic mtucials oxcept some rephiciny ecrusitc and 
pJunibojarosite. At some phices tlio structure 
of the ore is dependent upon tlie arrangement of 
the ecnisitd in horiz(mtaI layei-s. Tlie precise 
primary eompoaition of tjiis oro, so far tvs tho 
metallic c^onstituctits are concerned, is .some- 
what dinieult to ascertain. It probably cou- 
toined vety little, pyi-ite, being made- up chiefly 
of galena with a little zinc blende; it* presents 
content consists of a few p<!r cent of lead and 
20 ounces of silver (as horn silver) and So to S6 
in gold to the ton. This ore oceni>i chiefly 
bonfh of the Sioux-Ajax fault, where tlie deposit 
n-saunies the cJiaracter of a vein; north of ihisv 
fault in the great horiztnital pipe fp. 136) tho 
oro is e^nsiderahly richer in galena ami is 
probably a more direct, product of replacement. 
It. is tlidicidt t() interpret the ore. hodics of 
Iron Blossom No. 1 aa anything but a Oiling 
in a crushed nntl contracting mass of colloid 
ftilica. 
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-1 FINE-GRAINED JASPEROID, BRECCIATED AND CEMENTED BY COLLOIDAL SILICA; LATER CRYS- 
TALLIZED TO QUARTZ, EAGLE AND BLUE BELL MINE. 

White areas ar^ holes in ssction. Maflnificc 25 diameters. 




fi. SAWE, CROSSED NICOLS. 

Black areas are holes in section. MarjnifiKd 25 diameters. 



Photomicrographs of Ores. 
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A. INCLUSIONS OF FINE-GRAINED JASPEROID IN COLLOIDAL SILICA, LATER CRYSTALLIZED TO 

QUARTZ, EAGLE AND BLUE BELL MINE. 

VVhitj arv"33 fire holes in section. Maijnified 25 diameters. 




n. SAME, CROSSED NICOLS. 

ilack arc.'.s are holes in section. N'^iifjni ficd 25 diarneti.'rs. 

Photomicrographs of Ores. 



THE ORES. 
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DEPOSITIOM or OOI.OM1TE, CALCITE; ANI> AKA- 
GON'ITE. 

Cnloiuin iitul iiniirnesium carUoiialos an-, 
usually iibsonl fiv>tii tho siliceous ort^, oxocpt 
it8 rnro rc-^-ulunry gniiiia in the jnspprnitl. 

A coiu-sf gnwivilar ilolomiu-. or ankt^rlio 1-* 
n^^ociiUccl with the ores in the Virtdi-ia lUiil 
ICiiglo an<! Ulno Boll niinos. 

Ji! snino of the outlyinj^ mines in (he Xorlh 
Tim ic and Rust Tintio districts [iJilona is found 
in (iin'ct iiitcri^rowih wilh swondflry doloinilc 
or rt']>ljiciii^' liiuostoiie or doloniiie. The<«? 
ocv-urrenecs arc inf.<'rpret('<l m.s nonrly the lust 
]>Ii;iso of rninerulijintion at jdiiecs where tho 
dppftsiting st>Intions have become weak nntl 
rehilively eool. At these places (ho galcnsi 
genoraUy conlaiuri hut liltlo silver. 

Oaleitc is present in two. distinel fonns — 
sralonohedi-oiis or long pointed eryslals, and 
flat rhombs, or disklike rrystuls. It also ijceurs 
in frranidar un<l columnar masses, but most of 
these niusdOM thai are titijnccnt to openings 
iirt» (i-rnnu:i(ed by one of the two crystal forms 
nicnlioned. 

The scalonohodral calotte is only ran'.ly 
noted within (ho siliceous ore bodies, where 
it is distiiu'tly later than all the other prinuiry 
luiiieral?, includico: doloQ\ite. Small veins or 
]HH-.ke(s oi" it have been found in the vieinit^'- 
of Ihc siliceous veins. It is more pi-oinineut in 
iissoeiafion with the aouaiJieeous deposi(s in 
some of the outl3'ing mines of tho East Tmtic 
iind North Tlntic districts. Hero galena and 
zinc are found iatergrown with gramilav or 
"sparry" dolomite and locally with scaleno- 
he(h-»i.l calcitc. having been formed by the 
replacement of limestone. The sealenohedral 
ciilcite in ore of this type is of later {growth 
than tho dolomite and is t>T>icoUy <levolopcd 
around cavities. The sulphides, howe.ver, con- 
tinued locall}' to be deposited in small amount 
after the euleito had begun to form. Although 
(bus intimately associated with nonsiliceous 
do[>osits, calcite is also foimd as strong barren 
vcii5s. in the North Tijitic district a mile or 
more fi-om any lcno^\^a body of ore. From 
these gcnerul relations the sealenohedral cab 
cite U interpreted as the latest phase of primary 
miueral deposition. 

Calcite in flat rhonibohi'drons is confined to 
tho oxidized donosits. It has been found at 
several places perched upon primary sealerio- 



hedra! caloitc and also coats all (he oxi<hzed oro 
minerals with which it has hcca found in 
contact. It is clearly the latest of all the oxida- 
tion miucrals, widi the. possdiie exception of 
lU'agoiiile and £cyi>sum, bo(h of v^-hich are loo 
scarce for their paragenctic relations tn be 
defiuiti'ly known. 

Tl'.e cave deposits of secondary calcitc have 
u fibrous or columnar structure. In some 
plrtces their tcniiinations are distinctly of the 
Hat raonibohedrctn bubii ; in other places they 
are bluntly pointed as in the unit rhumbohc- 
dixm. These deposits as a rnlo ure not ckiscly 
associated wilii the oxidized otvs. 

Aragonite iu delicate needles ha,s been 
obsei-vi'd lit mnny places also as one of the 
very In test oxidation miaends hut- not in 
dircf.t ijite.rgrowth wit-h secoiidnry ore min- 
erals. In the eav^o of the lion Blossom No. 
:? mine tufts of araj;:oTute medics were lound 
grown upon the surfney of the ealcito crust, 
and this arugonite was cert n inly of later 
deposition than the efdeltc. One specimen of 
arag'ouite associated \Wtli oxidized zinc ores 
in tbc Gemini mine was foinid by qualitative 
test to eoutahi a little ainc. As this speciuiOD 
%V:i3 not found in phicc, its par;igenelic rela- 
tions (ire not known. 

DErosrruxv of ore min'ehals. 

GENERAL FEATTTRES. 

From tho above discussion it is apparent 
that ore minemls wore dv'posited during iho 
wholt! ]-ange of mineratizfltion. The t>i)ical 
jnsperoid may contain small grains of pyrite, 
galena, zinc blende, and ennrgife, though the 
pyrito i.s generally present in small amoiiuts. 
During tho sce^)nd phase of siUcificatiou ore 
minemls were deposited in nbundauc* in larger 
individuals and in repeated suceessio:i. The 
grains are commonly of large size, except those 
of pyrit^v. Tho galena oceui'S ii". large grains 
and imperfect cr>-st^ls or coarse aggreg-Ui.'^, 
replacuig tho jasporoid or developing with 
quartz in open cavities. Knargite mostly 
takes tho form of morn or less perfeel' isolated 
crystals M'hich replace jasperoid (PI. XXIII, 
B, p. IfJO) and many of which contain small 
grains of pjTit* nud chalcopyrite. Totrahe- 
drite and faniatinite are in^crgro^\^^ vvitb enar- 
gile. Zuic blendft is rarely foimd in large 
masses but is usuidly contained as small grains 
in galena. The ore minerals in the druses of 
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thesocond phase of silicificiition occur in sevonil 
generations; they uro found iit the husosof the 
druses covi-rt'd by quartz and l)arit*, or llioy 
muy cover tho ([uartz iind project ns small ciys- 
tiiLs into the cavity, or ihoy may occur in tho 
f|U(irt/^l)iiriti> niiiss, \v\wn^ miniy of thoin arti 
foriuod by rcplucomont. 

The p;:iIoiia carries its silvor iji Hk' ft>iiii of 
arf^oiititt;. If galiMiu that coutiiijis auy con- 
siderable rtmoiuit of silvor, siiy nbnvo 20 ounces 
to the ton, is i-lohod with dilute nitric acid the 
irri',^)JnrIy distributed grains of argontilc iirc 
i;b«ally brought- out (I'l. XXIX, 7>. p. IGO). 
Suchavgontitoisocitrtinlypninaryj but in places 
riniB of :!)esarac miiicnil edge tbogaUsnn in the 
oxidizing ore, imd ihfse niiu' be. secxjndary. 

Tho sccondiny srdpliides, f;hnle-ocito, coVol- 
ht(!, geoeroitile, prou.sLile, and argcntito urn 
disi'iisned under "Oxidalion" (p. Jfi:i). 

CLASSiriCaTIOK OF ORES. 

Tlie ores viiry greatly in iipponrancc and 
compnsilion, a]id lh(^ ever present o,xidation 
makes it diilieult to urrivo nt it reliable con- 
chision (IS to exact ehiil'iW't=4HT of some of tho 
primary ore. Transitions of many kbuls are. 
found, but the primury ores may be roughly 
chijwified as follows: 

n«i\'y U'liJ on-?. ThoK! eonUtin. bcsiJe? giilonii. a, litilo 
pyrii.r, /,inc ViIcikU-, an:1 moi-f nircly tetrnlicdrite; 
ftJw as uuR'hua .50 ounces of silver 'o t!;c Ion, hul vc-iy 
lilllo «r u(i golil. The mniailieiKai-s pUeno-CL-rtisito 
nr^'i* in a itiw nf lln; mini>fi, ivafHK'ially in Ihc ovitlyini; 
ib^'ri<;tfl. nrf lew in silver. 

Silkei--ii.-. lead iiri;K, TIk-k.- coutJiio tcatlercd galfiia in a 
Hiliiiuua ^"ii^iguo wifb minor aniountt; oi xinc IiIgikh-, 
p\nri(./, ninl in placpalclrahcdrito. The silver content 
iti ^■T,ruvble, lociilly high. 

Silicc-uiis 8i3l<:l-8ilvi.ir on^-n. Thcuc arc generally ot low 
gnwlp. c;»;Tyirj}j; ii few Jollwra in ^olA and 20 oijuces or 
Vfli of Hilver lo thi- ton, nud in miiny places they i-oii- 
tiiin 11(1 i-.^ci^t-Mii'-nUlc mnliillic mijieriil« except mmo 
crruHlU) Wid caliper alam. Thtir tpxliiro i-» fjenomlly 
dntKyr-iid litme>>iiuiljcd. hut hero and llj.-ii'. uHintbc 
Victoria mine, tliey may wiiskt nf in:i?.five jusiieroid. 

Heavy copiKi" ort\< The«! contain uiueh cnargila r.nd 
miniir i^uaiiU'-ie:^ ci pjTite and chalropyrile 111 fl 
KT.iajuc ot nilita u4th onieli harile. TliGy jiold usu- 
ally about 20 oiincM of silver and at most ?12 in gnld 
le ibe ten: Tlury ore nat uhimdatit. 

SiliceoiiH ciipfHT i-n.-v These nro ciiiumon in the Bouihern 
part nf llin dialrict and cf.nUiiu (ho aanio miucrala aa 
I he hi'avy i-uppvr orc'^. n-ilb pei'hupw 10 ounces ni ailvcr 
and ^j ir. giild '.o tho tun. 

S'.liit'tiiTs h'lid-i'njipiT ores. THl-vo mixed ores are gener- 
nlly (lined nlvw^ t\w lirnT where tho Io;k1 nioa j-'ivi- 
]jI;uo lo copper orci^, ;im iii the Kiirck;i, Hill iind Gr;md 
("ciitral mincM. 



The rich gold ore and silver ores, as well QS 
iho zinc ores, i\ve> produe^'d by pri)ce3se8 of 
oxidntion. 

StrCCESSiOK OF MDTEHALS. 

T\\j wiiiglo rulo can bo given for tlio succ^'ssioii, 
benauso llioro iiro sovernl gonoriilions of the 
mineriilH. In HJty one sories tlio barilo is fol- 
lowed by quartz; thori conios pyrito, wliich is 
usuiilly tho oldest of Iho nielalUc iiur.orals and 
i-s followed by oiuirgite, toti-ahedrite, unci fnnia- 
tiitite, dopoj^ited simultaiieou-sly; galena nnd 
zinc bler.do tire generally hxtcr, and in sonm ores 
zijic blonde clearly repltites galena. AU tho 
ore miiioriils may replaeo quartz and, less easily, 
tiarito. 

GOLD AI7D SILVER IN ORE MIKEBAX.S. 

Tho gfllona carries tho larger part of 'Jio 
primary silvor, ns argentite (PI. XXTX, D, 
p. IGU). Goj)orally the silver wmtcnt varies 
from iO to 60 oujiccs to tho toj;. There is 
i"ciison to boUovo tlvit tho toLrahodritc ulso ct)n- 
tiiiiis a fair iinmuJit of silver, though no assjiy 
has been mado because the mJiieral oecure in 
very sjiiall graijis. Tho cuargit-o carries only 
a moderate amount of silvor but iilways con- 
tains some gold. A specimen of pure cntir'gito 
from tlio Gemini mine was found to contain 
Sl.65 m gold and 45.5 oujicos of silver to tho 
ton. ^Vnothor specimen; from the Victoi-iu 
mine, oontftincd SS in gold and '17.1 oimces 
of silver to the ton. Pyrito from the Contpji- 
rjnl Eureka mine is said by the. mine otriccrs 
to contiiJii O.l oimcii of gold nnd 2 to 3 oimces 
of silvor to tho ton. Some pyrltc in tho 
Swansea mine contaijLs cuiisidcrable silvor but 
very little gold. 

oxro.vnnox of the deposits. 

GEHERAl. FEATURES. 

TIio Tintic district is romarkablo for an xin- 
usuaily low water hjvel and corresponding great 
depth of oxidation. Within the sedimentary 
ivicks this depth is iit IcJtst 1,600 feet, and the 
.Mammoth workings (p. 214) have attained 

i 2, .300 feot without finding the water level. 

j In most places tho oxidation is not complotc. 
Generaily enough of the primary sulphides 
remain to allow a coneJusiou a.s to tho primary 
character of tho ore, and such remnants oro 
fomid at all levels from the surface down to the 
water lo\'el. There has also been a great deal 
of migration of minerals wliich Ints vcsultoii in 
the forming of shoots of cfrtain ore minerals, 
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S. BARITE PLATES OF SECOND PHASE, IN CROSS SECTION, PARTLY REPLACED BY QUARTZ OF 

SAME PHASE, GOLD CHAIN MINE. 

Magnified 25 diamelsrs. 




a ENARGITE CRYSTALS REPLACING JASPEROrO OF FIRST PHASE, PARTLY REPLACED BY OLiVEiMTE, 

MAMMOTH MINE. 

Mar{n"ilied 25 diameters. 

Photomicrographs of Ores. 
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4. GALENA, BARITE, AND QUARTZ, ALL OF SECOND PHASE, WITH rLL-DEFiNED FRAG- 
MENTS OF OLDER JASPEROID CONTAINING PYRITE. GALENA. AND TETRAHEDRtTE, 
GEVINI MINE. 

Quartz Is tnicrccn,'stalMni2 l■^ut shows mammillary deposition lines of colloid silica. Magnified 14 dianneters. 
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SIMILAR ORE, BILLtNGS STOPE, EUREKA HILL MINE. 
Magnified 14 diameters. 

Photomicrographs of Ores. 
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but Ihis niigrutiori has not been civricti very 
far and there ftrc no wtiU- defined verticiU zoiii-s 
oi eiu-jchinenl-. {'opptir and silver siUphidea 
as well fts native j^old have been segregated into 
separate shoots in places, but there is no 
definite zone of sulphide eiirichnicnt unless the 
ore of the Gem channol, in the Gemini mijio, 
shoidd prove to be of this type- 

The eliaracter of the oxidation hivs btcn in- 
fluenced by the relative scarcity of p^Tite, the 
presence of much calcium carboniito in the 
wateit* and wall vock, und th« abundimt for- 
mation of difficnJtly soiuble products sueh i\s 
cenisito, anglcaitc, und copper arsenates. 

The oxidized pixjductA generally replace the 
jasperoid and the qii«rtz; this results in a drvisy 
and honeycombed textui'e. They jiXso, par' 
ticularly the zinc minertJs and to a less degree 
nnJa(;liitc and azuj-ite, replace the surrounding 
lira«5^tone. 

During iJio oxidation the solntjons were sub- 
ject to many changes in character. Although 
m generpJ quartz is dissolvod, there is uinple 
evidence that quartz was also deposit^^d in 
places, though tiiia secondary quartz is much 
less abundant than that of the primary mineral- 
ization. Quortz b\ cru9t-s of small cr^^tals, for 
instance, covei's chj-ysocoUa and limonitc in 
some specimens. 

Tn genernl, then, tho ore>i are oxidized to 
nnglesitc, cernsito, phnnbojarosit;o, lead oxy- 
cljoridcs, smithsonite, hydrozincite, calamine, 
arsenates of copper, bismuth, and zinc, copper 
carhonatos, jarositc, other iron sulphates, 
eei'argyritc, native silver, and nativo copper. 
Other minerals arc kaolinj ahmite, gjipsum, 
limonite, and oxides of mangtmese. The list 
of oxidized minerals of the Tintic diatrict is 
unusually long. 

Tbo lead ores yield oidy a moderate amount 
of limonite, but some of the oxidized copper 
Dres contain I 5 to 20 per cent. Iron is in part 
cjirricd into tbo tidjaceufc limestone by sulphate 
solutions and deposited us limonite by replace- 
ment, or it forms stnlactilws iji ca.vea. Stalac- 
tites of this kind in the Ajax inino ore descnbed 
in the earlier report.' The limonite wa-s ap- 
p&rently deposited on older crystals of gypsum. 
Afiiulilar occurrence in the Iron Blossom No. 1 
mine (p. 243) has been caUed to the writt^r's 



I TowBr, G. W., Jr., nod SiuKli, G, O., op. oil., p. 7«. 



' attention by Mr. M. L. Ci'andoll. jr. The cave 
in tliis niiTie, besidw containing limonite 
stulact-iics M-ith cast.-j of gyj^um, also revealed 
large masses of gypsimi on its bottom, which 
formed an interlacing muss of crystals as much 
as 17 itich&s long. In many of tlieao oaves 
resithiary masse.^ of oxidizwl lead and copper 
ores wer(* foiuul. Most of the caves are caused 
by the contraction of volume due to o.\idation 
of tho ore and by the auhsoquent settling of 
the limestone. 

O'XTDATlOSt BELOW WATER LEVEL. 

Developments for 250 feet, below -water level 
in tho Gemini mine have shown that partial 
oxidation continues to that dopth; hinonite, 
cerusito, native silver, and coppcrarsenaf eshave 
been fomid down to that depth. In most, 
niiiies, however, tho quantity of uuoxidized 
galena gradually increases from a point QUO or 
800 feet below the surface. 

TEXTURE AND STHUCTUBB OP OXEOITED ORE. 

In tlie o.^idizod ores cavernous and txiilulur 
tcxlmes are very comnaon, owing t-o tho gen- 
eral solution and replacement uf quartz. 
Urccciatcd fonns aro frequently found (PI. 
XXV, B, p. 162), and in places handed slructuro 
occm-s, iti m the specunen illustrated in Plato 
XXV, A, which shows what is apparently diffu- 
sion handing of malucJuto and hrowii copper 

pitch ore. 

oxiDATion or lead orea. 

The o.\idatiou of galena normally resultvS in 
the following successive product^: (I) Au^le- 
sile., (2) cerusitc, (3) plumhojarosito ami mLxcd 
sulphates; also oxychlonde^s. Oxidation lo 
mimelito and pyiomorphito hiui been obsci-ved 
m the Eureka Hill mine. 

The galena fii-st always altera lo a dark fine- 
grained anglesitc colored by minute residual 
musses of galena (Pi. XXVT, p. 168). This 
(ihauge hegius along the cleavage lines aud 
proceeds until the entire sulphide is altered. 
During this pnxuvss some galena is evidently 
reci-y^^lallized which during subsequent alter- 
ation is fiiuilly oxidiy-ed. The galena usually 
contains some piimary xme blende, but this is 
evidently whoUy converted to soluble sulphate. 
If copper is presentsomo of it may be converted 
to chalcoeite and covolUte, which arocouiaiaed 
in tho anglcsite along iho contact or may sur- 
roundgi-ams of itsidunry galena hi theanglesite. 
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This process is accompanied by a re crystallisa- 
tion of the coorHely crystalUno galena to the fiJie- 
gfiimed variety "steel guJeua," which so far as 
obd(frve<l is found only aloiig the nan-ow trausi- 
tion zone adjoijiijig tho anglcsit*. 
Tho dark, in places concentrically banded 



tals ill ^Tigs m the galena ore. Fine examples 
of this mode of occurrence were observed iu tho 
Eareka Hill and Chief lumes. 

At mnny places the jasperoid and quartz are 
abundantly replaced by hexagonal yoDow crys- 
Uila of plunibojarosite and by irrc^lar grains 



an"lesile is soon converted into massive c-eru- of cerusite and lesy commonly anglcaite. 



site, and tho cenisite is covered and con-odeil 
by yellowish cru3ta of plumbojarosile and allied 
minerals. These may usftin he covered l)y 
white crystal tufts ot a second generation of 
(y;ru!3itD. 

Insomoplaces theangloaitein^iteadof fonning 
concontrie cni9ts ia deposited as perfect crys- 

Partial artuhj.^eji of sa/t yulom lead ores froirt TSntic district. 
|R.C. Wolt,,fttici!j-at.] 



The powdery yellow decomposiitioii products 
thai replace the cerusito were carefully exam- 
ined. In many of them jnrasile or plimibo- 
jarosite could be defected and tome arc rich in 
bismito or bismutitc. The followLnp: -samples 
of such material were examined and analyzed 
by H. C. WelLs in the laboratory of tho Sxu-vcy: 
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8.24 

.20 
Nouc- 
Tntce. 

.58 
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L. Gemini mine, yelVow oxJdi-^ed ore, level 19, Gem nbaanel. Hot water extracta trsicra of clilorirx'. Iw\d, and 
cQlcltim, Ammoniuai HretatoextractacoDtfidcruble lead nulpha.^f^ 

249, Esiglo »nd Blue Well mine, north end, win^e from I,2CtJ-fool level. ADimufiiam acetat* cstrticta a little 
leaii (uilphitte. Diluto nitric aoid exLniclfl a Crnce o( chlorine &nd coDaidcrabla Icbu). 

272- Ruglennd Blue Bi'U mine, siuuc locality. Quartsosa ore, Hotwatcroxtriiclaft trace of eWorino but no lead. 

275«. Colomdo mine, cloeo to Simu line. 

275b. f>:tmc locidiiy. Yellow powdcT on ceruaitc. 

27S. Colorado miiio. Homailv&r stopea. Hot water extracta a trace of chlorine and lead, eonie calcium, aud sul- 
pha ti^^. 



Samplers 249 and 272 contain minuto hox- 
Hgoniil crystiJa of what is pr*>bably plumbo- 
jai-ositc. The results show that these yellow 
substances are of variable composition. Lend 
■cblorido seems to bo pre:?ent iu trac(-« hi 



In siunple 2'19 there is a httlo anglosite, 
much more cerusite, jarosite or plumbojaro- 
site, bismito, and pix>bflbly an iron or bismuth 
aTsonate, but no silver. 

Sample 272 contains nearly 2 por cont of 



samples 1 and 278, and in somewhat larger argontito, about M por cent of cerusito, jaro- 
amount.s in sample 275. Iu samplo 27jb stto, and probably a bismuth nrsouate and 



after subtracting tho chlorine necessary for 
silver rhlorido then* remains about 1 per cent 
of chlorine for lend o.\ychloride. 

Sample 1 eontning argeuUt*, limonito, angle- 
Bite, calcite, somo uvn sulphato and phos- 
phalos, and ptissibly also sUver c'nlorido in tho 
insoluUe part. Tho other samples show prac- 
llcaUy no phosphorus. 



bisrait*. 

Samplo 278 contains no silver in the part 
soluble iu nitric acid; there is probably some 
cenisite, but tho analysis leads to the infer- 
ence that mbiium or massicot (load oxides) ia 
present. 

During the replaconionl of galena to uugle- 
sitc and c-onisite there hna been compara- 



1. H. HKOIXKSirAL tiVHV KV 



I'UuFfS^sioxAi. rAt'»:ii loi pi.atk \xv 





SKCOMIAK^ COPPKK ORRS. 

A. Hrecciatftl OR', .\jax luinw. f^lmwd iMni-i-iiirii li'iiie-jf i")i tif huilarhiU', c)irj"ixx>lJ«, 
und lirowii "cijjjjer [iiti.'li Mn*. ' IjiIit bn-cfiiiie- 1 wilb juvperotd 
MUtl reiimiiKvJ hy rulrlti- (whiU'i. 

/i. RiiniJed ure. Ajwx mine. Slinwr iimli.ilili- lirriwiini I'MtnUns of uialorliiu- nml ljn>wii 



THE OHES. 
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(irely little migrntion, though in somo "f Uio 
granular quartz rocks corusitfi Iti small jri'anis 
is widely (listributcd and directly icplnc<>s 
tlio quartz. 

M<n-© oxtonsivG nriigrftt'on ovitlciitly tuok 
pUco diixiiig tlio aocoi^d phaso of oxidntion, 
when (UMnisitf. was uttackod by ;ioIuUf>iis 
contaiTiing sulphuric acid and clilorlde of 
sodium. Both plumbojarosito and load cldo- 
rides may luivo niigi'tite<l for considcrablo dis- 
tances, though not to compare \\dth tho vtindt^r- 
ings of coppor and zinc, and iL is possiblo 
that somo of tlio low-grado silioiious lead oixrs 
derived thoir motftl iu this miLuncr. 

SECOMDART GEOOROmTB. 

A spocimcn from tho Colorado mino (No. 
277), invt^stigatcd by Messrs. Means and 
\Yl)itehoad, proved particularly interesting. 
It shows nmssivo galena going over to "slo*!] 
gi\le,ue"-and thenco into anglcsito and cenisito. 
About half an inch from tho contact the galena 
upon otcbing with hydrochloric acid was 
sho«Ti to contain feathery aggrogatos of a 
mineral not attacloid by the acid (PI. XXDC, E, 
p. 169). Enough of this mbcturo was isolated 
for a quftlittitivo analyais. R. C'. Wolls reported 
that it contfdnod, in addition to load and sul- 
phur, much antimony, a little zinc (about 1.6 
pfir cent), and arsenic, but no copper or iron. 
Uudor high n^.agnification in polished section 
the galona is seen to bo filled along the cleavage 
faces by narrow linos of thia resistant mineral 
gi-adually sjireadiiig into feathery masses and 
inx^gulur veinlets. 'ITio galena tdso contains a 
few giaius of zinc hloitde, which apparently 
is contemporaueons with it. Near the oxi- 
dized contact tho galena is filled both with 
ariglosito and tho mineral under discussion. 
This mineral reacted aa follows; HCl (con- 
cenliDlod), instantly bright bro^vn, then irides- 
cent; ICNOj, ofTon'tisces slightly, blaekeus with 
white coating; KOH an<l KCN, no reaction. 
According to Mtu'doch's tables ' this con'os- 
ponds to geocronito (SPbS.SbjSg); such a min- 
vrsl with much load and little antimony would 
in fact be expected as the rosiUt of tho replace- 
meutofgolonaiuadopositwherolittlo antimony 
was available. 

In one specimen from the Eagle and Blue 
Bell mino voinlets of geocronito were found 
rutting across a voit\ of angleaito in the gtt- 

'Uafilocb, Joscpb, MicrosCoplcul del omiluation ol tho opeqtio 
iLiiunils, Xaw York, 19I& 



Icnu, and grains of anglcsito are included in 
gortor<inile. It was theroforo co.icludtxi that 
the geocronito was formed dui-jng the same 
period as the anglesito, wiiich continued to 
devi\lop after the geocronite had ceased to 
ropluco tlio galena. Tho angh^iite of this 
spocimnn is partly roplticed by- clnJcocite and 
c^^^-eUite. T!»o general s^icct^siou of minerals 
in this specimen is as follows: Primary, 
pyritc, quartz, zinc blende, galena; secondary, 
geocronite and.angh-site, chidcocite, co\'eUit<), 
ccnisite. (Soo (ig. 19, p. 147.) 

OXroATlON' OF COPPER ORES. 
OEnBRAX. FXATITRXS. 

Tlie oxidized copper ores consist genendly 
of a matri.x of jasperoid or fi!ic-g)*ained sili- 
ceotis rock with or without bnrite. This ia 
usually more or less celitiiar and hoiic-v- 
oombod, tho ca-\ntio3 being coated wth niiniito 
quartz crystals and filled 'ftith oxidize*! copjior 
minerals. Tlie copper arsenates commonly also 
vei>lace the quartz. Residuary ennrgite is 
common in oil orte and may contain a little 
pyrito and chttlcopi,Tito or appour mixoil with 
famatiiiite. Small pyrite crystals are scattered 
through much of the jiisperoid; some have 
escaped oxidation, but othora are indicated 
oidy by pseudomorphs of limonito. Tho ores 
rarely contain very much limonito, those nf 
the Centonaial Euieka, which carry about 17 
per cent of iron, showing tho maximum. 
Set^ondary quart?, in crusts on linioniu^ or 
chrysocollft is rare on the whole, and the latent 
products sonsist of a few flat rhombohei irons 
of calcito. 

Residuary enargite is present at oil levels. 
It is siud, however, tliat in the Contonniid 
Eureka there was little enaigite alwve lovol 
10. 

Tu the district regarded as a whole there is 
no indication of richer copper ores at nuy cer- 
tain depth below the surface. Tiie bodies of 
tho Cent-eimial Eureka, which aro tho largos t 
ill Tintic, contnitiod the richtst copper oros 
bolow levtd 7. Possibly there has been at this 
locality some concent rat ion hy descending 
waters, but it is not strongly enough marked 
to establish the presence of definite enriched 
zones. Local migration and onriclmient aro 
common. In tho same mine barite occius iu 
increasing quantities with increasing (!opth, 
but tiiis also is probably not a general rule. 
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OBHEHAl, COURSE OF OXIDATIOH OP EHARGITE, 

It is gGTicrolly kritnvn thai eimrgite is <inn of 
tho riiiTKiriJs moat reswtant to oxidulion. 
Its proscnca seoraa to aomo extent to protect 
tne pyrite, wliicli ia presinn-cd in many )>lin-t.^ 
wh«ro ono would expei-t it to havtt been oxi- 
dizcd. The oxidation of cuargite vcquiiTj? a 
largo amount of oxygon; liowovor, it would 
doubtless be more complet« in thn TinLic 
di^'-rict worw it not for tbo fnct that aU the 
mJno watei-s rontain nincl'i carbonate (if tnJ- 
oiiui\, which speedily neutralizo-s the free Biil- 
phurio acid and results in tho formation of 
soluble sid]>liato of cjilcium. 

Krcquontly tho action begins by tho simul- 
tantHJUs dovelopmcrit of chalctwite, (Mjvoilite, 
and aisenatea; tlio two secondaiy sidpliatos 
then gonoriiUy rophvco tlie mai^in of tho 
omugitc (or famatinite), and the aisonalea 
move out on fisaiirea or replftco quart/.; in 
pJaces thoy are mixotl witlt stringa of c'nal- 
orttilo. (Soo fig. IS, .p. 144.) 

Tho achomntic ct>iirso im represontod by tho 
following fomiulrt: 

2Cii, AsS, + 30O ^ 1-1 ,0 + 7CVCO3 - 

' "^<CuO ),.M A-H.O + Cu:S + 7C11SO, -H 70O,_ 



ollvnutU) 



clulCMX'lU 



If oxidrttion is ciirned to its conclusion the 
tiecondavy chiUcocitc turns into covellite and 
this into copper sulphate aolutiona. 

Tho iirdoniit-ea of copper are insoluble, salts 
that are but little subject to migration. If 
bisinutU is prt^ent (probably in the form of an 
unknown sulplniraiMiidc) araonatca of bismuth 
wdl form. Antimony in htmatinitfl and tetrn- 
htidiilo must iilso go into oxidizofi compoujid-a, 
hut no fflr none of these compoimds have bcon 
discovered; ueithei' imtiraonatoa nor antimony 
osidL's have bi\eu idcntifit=id. Mtimony, how- 
over, is present only in small quantities. 
Tlicro is oidy a littlo ainc sulphide in the copper 
ori's,nnd it oxidizes after the normal coureo. ' 

'V\m newly formcnl iiraonates either replnco 
enai-gite crystals with i>ei*foct i-etontion of out- 
lines, or replace jasperoid und quartz, or fill 
fissures, or ri'V^tallize in vvigs, forming beauti- 
f\il .su\all druses. In general, tho olive-colored 
olivomt^>, containing only :i.2 per cent of 
water, is the ftrefc copper arsenate to form, 
ruid this is followed by lustrous bluish- 
greon cUnnclasito with curved crystal faci^w, by 
maiumiUary dull-green erinite, nnd by pearly 



3calt>s of pule blue-preen tyrolit*, which con- 
tains 17 ]>or cent of water. The chamr.taristic 
comchalcito, an m-sejiatc of calcium u:id cop- 
per carrying 5.-5'2 per cent of water, is dis- 
tinctly later aitd evidently results from the 
action of a strong calcium carbonate solution. 
It ia often foimd without sulphides, and with- 
out othei' arsoniitcs, its small but conspicuous 
yellowish-greeii spherical concretions dotting 
the honeycombed jasperoid. ChrysocoUa Ap- 
pears in places without ajiy well-defined rank; 
malachite and loss conmionly azuritc are fairly 
abimdiint, especially near the walla or the de- 
posits, whem they nniy surround residual 
masses of limestone. On the whole, olivemte 
and eouiehalcito arc tho most common of the 
copper nrsenaU's. 

Of iron arsenates, tho brown cubes of phar- 
macosiderito are most ahmidant, nssociu'^ed 
with tho hiter copper arsenates. White 
earthy aluminum sulphates nlore or less defi- 
nitely recognizable hs alunite arc among the 
last products, In places capping azurit-e or 
malachite. Cuprite and native copper are not 
abundant; thoy seem to be iat^r than the cop- 
per carbonates. 

There are many exceptions to the succession 
just outlii^ed. A nunibox' of specimens wore 
studied by ill-. W. L. \\Tiitehead, with a view to 
ascertahiLOg the paragenesis, ajid tho wi'itt^r, 
through the IdnnineHs of Prof. Charles Palacho, 
also exunmied specimens from tho IJoldeii col- 
lection at Harvard. A few of theso successions 
are given below, tho older minerals being 
named before the yoimger. 

ifajriVwth outcrop. 

1. Quartz, eaargitc, fatnatiiiitc. 

2, Oliveoite, a^urile, ph-immcotiiclerite. 
S. OUnoclaaito, tyrolite. 

yijax dump, 

t. Baritc, quarti-., eiiargite. 

2. Couichalcile, ecorodite. 

3. Mji'iiirhitG. 
•1. Chrysocoltn, 
5. Alunitc. 

C. T.iiiionite .lud "--.ilciti* 

Vittorui. 

1. Quurtz, enargit«. 

2. li^TiiirgilQ. 

3. Tyrolite. 

■1. O)niohaleito. 

J. Aluuite, ncalachite, cbriHocfllla. 

li, Lijnynite, 
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CaUennial Eiircka. 

1. Quartz, enargitp, i?lialcopyrite. 

2. Olivcnilc. 

3. MnUcliite, cbrysix-iiUa, 

4. Alunito iind chitlamuhilc. 

Oold Chain, 

1. Barite, quartz, enargUo. 

2. Olivenite, oriniU>. cooicbalcile. 

3. T>Tolite, malivcbitp, azuriu, fhiysocoUa. 

4. AhiniU'. 

Slack Ja-k dumjj. 

1. Quartz, barite. 

2. Ciiniclialoilc, quart/,. 

3. S<!oroditc. 

4. Jaroaite. 

C'enlsnitial Etueka. 

1. Quartz. 

2. OliveniLc. 

3. Azurit^and malachite. 

4. Conichalfitc. 

5. a>Tolitv. 

1. QuarU, euargitc. 

2. Olivenite. 

3. Ccinichttlcite, inalacliitc, azurite, and urlmte. 

Grand Cimtral. 

1. Quartz. 

2. Olivcnito. 

3. Ccinichalfiitc. 

4. Maloichito, dial can tliite. 

Eurtiin Hill. 

1. Quartz, cnar^te, tetrahc-dritOp golena, 

2. Aatrlesitv, covcllite. 

3. CJor^isilo. 

Tn a fow^ speciraeiis malachite and ciijioclasite 
are earlier than olivenite. Pharmac-osiderito 
may be earber or later than niftlachite. It is 
poi^siblu, of course, that u nibioral may belong 
to two or moi-o generations: Olivenite, for in- 
stance, has certainly crystiillized at varioiia 
times. There is not much hiformation about 
the toJior of the pure arsenates in gold and 
sUvor. Some of them, as well as tho cuprite 
find malachite, are very poor, but wherever 
ch.aluocit« is present a concGntration of silver 
seems to have taken phvce. 

CHALCOCIT1-; ^VND COVELLITK, 

One definite fact ascovtaijied during tho pres- 
ent exBmiaiition is that covoUite and chalco- 
cite occur ever3^vhore and at all levels in the 
copper ores of tho oxidized zone, though no- 
where in gifwit masses. They are not remahis 
of an older zone of secondary sulphides but 



form nonnally during oxidation. This condi- 
tion, which is contrary to tho generahzed idea 
of It distinct zoire ofdocondary copper sulphides, 
is Jio doubt duo hi part to the scarcity of pyritc, 
io tho neutrahzation by CaCOj of such acid as 
in&y bo formed, and in part also to tho great 
amount of oxyt!;en necessary for tho complete 
oxidation of enai^ito. Tbero can bo no ques- 
tion, however, that secondary sulphides may 
fomi fi-ceiy In other deposits, under certahi 
conditions, in tho zone accessible to oxygen. 

The manner of oxidation of enargite, with 
simultaneoiLS devolopniont of cbalcocite, covel- 
lite, and copper ai-senat-es, is described on 
page 164. In tho apeciiuens chalcocite ajid 
covelhtc usually form dark sooty or duU- 
bluish spots in or near the partly oxidized onar- 
gito, and covolUto tifteu crystaUizes t*,>gether 
witb anglosito hi the druses. A close associa- 
tion of covolhto and aiigU'site is, in fact, very 
common and is soon in specimons, thin sec- 
tions, and polished sections. CovoUite fre- 
quently replacew galenii and zhic blondo, but 
its most common oc-curronco is i)i oiiurgito, 
fomatinite, totrahcdritc, and poarcoito. All 
these ixdations aiti, of course, best studied under 
the motaUographic microscope. 

Duruig tho oxidation of oiiargit« and simUar 
miuerals chalcocite is always the first mineral 
t<5 form along the marquis and fissures in tlie 
grain. Plate XXVII, A, B, Cj and D, shows 
how, besides the marginal chalcocito and covel- 
hte hi tho cuarglte, bauds and streaks of those 
minerals, doUcately folded ajid faulted, develop 
in the veirdets of ohvcnite or otlier arsenates. 
Chalcocite mrcly shows tho normal white color 
in reflocted hght but is usually bluish gray; 
this color is caused by an almost submicro- 
scopic intorgrowth with covolhto. Subse- 
quently larger blades of normal covellite went 
developed in this mass. 

It hiis not proved possible to obtahi enough 
of these secondary sulphides in pure form for 
ivssay, but it is stated that where they are 
abundant they gouerflUj' contain much silver. 
No gold seems to be associated with them. No 
bornito has heon found. 

Secondnrj' copper sulphides thus form ind«i- 
pendently of the "water level-vii^ fact, at all 
pomts above it and at least to a depth of 250 
fiHit below it, as shown by the dcvelopmeut of 
covolUte in pearceitc in oi-o from level 19 in the 
Gemini mine. 



PLATE XXVI. 

-■1. Anjjleaile (yniy) with rnsii-IusTV g-alBTiii (wliito) in piirt rLTi-ystuIIizod in veinl<>t^, Colorado mioo. Magnified 1.00 

diiiiiieUTB, 
R. GnliJiia (^Tiiy) altering to aiiglosilo (block), Cnlonido mine. MagnificHl 100 diumelcra. 
€. CflVfjIIitt' (dark gnxy) replacing galGnn (wliiU'\ Gem chnnB*?!, iiinelcealh level, Gemini mine. MaerJiiHc'd 1,000 

diamoUsw. 
I). Zinc blonde I'sr'-'y), probably conteiiipoTfinoous wilh galomi Jwhite), Colorado mine. MiigoiQcd 100 diamotcre. 
Sr Ang^^frite dt'Vflopiiis; in ve\n» and a!on^ cleavtigo of galt-na, Colomdo mijie: ai-goutito (dark gray) and galena (liprhE 

^'jiiv). \ii)gnitied 100 diametcrH. 
/'. I'ciVL'llitcin et>n',L?r(bljec*ti) iri;imuti*)y ?A?ociated mth cbulrctc-ife (irrnj'ifili while), surrounded by anelesiti?, ColKrndo 

mine; galcntt lit-sinning to ha couverted tu anglesite appcan at tlie periphery. Magnilied iOO tliEurietera, 

1G6 
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PLATE XXVII. 

A. rhalroril* ((Kirk s^fty) ivod copper araenatcH (bliy-kj (IpvelopingiD. on:irgit<^ nightgiuy), I.OoO-foot level of Virt«3riv. 

mine. JliigDiGcd AdO diameters. 
TS. Copper arf-:trii:ited (hLick) aQd chnlcocile (dark gray) iu enan^jtu flight gray), Hhowiii^ iiln-raliuii rim of liittpr, 1,0jC- 

fool level oi Victoria mine. Magnified 1,000 dianuitoiy. 

C. Simihir altemt-ion rim iia in B, Copper iirdcnntca (black) and eiiurgitfl (light Rnn'}; Ir.msilion rim of gniy 

chalco^ito titivorsed.by plates of covcllile;- 1,050-fQot lev:^! of Viatoriii mine. MagniQfifl 'i,(}\)0 diainotprs, 

D. <,'oppor arseiiatoa (durk gnty) intxirgrown wilh chalcocite and of aimiiltimcoiis orisjio, 700-foot level, Butterfly fltopc, 

Gmiid Cr-Tilral iiiino, M-iioufieci 480 di:imy(erfl. 
£. .■Xnjoijtitein (laiieeutrii.: d«p"ji,-'-itionamTaundiug prouatito; in uiliccous gangue^ Chief Consolidatt'd niiuc. Mitguilied 
100 diameUTw. 
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PLATE XXVriT. 

A uuii B. Pinoly Rranuhir or roplacciurnt amithsouito ore, A , Ore from (he Mtiy Day mine; shows numeroMs small 
ca\'itie8 attributed to shriiikige, iictotcpii.nj'iug rephxcemeiit. The cavities ;ir<j partly lilkd with fine druay wmith- 
mnitoond n tew by calamine, li^ MQoheimitfl from thu Yauk(?e mine; illiistra(4f3 partial repbicement. along clop^ly 
■fpiicm! bodiUng plaitra and croia Eracturea, luir! auliaeq'Jent reraova.1 of iuireplaf;cd lime.?tou6. Naf.ural rfi/.e. 
0. Finely banded smiflusoiilte-calamino ore. May Day mine, Tha lightor broad bands orir^'inalty represented Hinith- 
sonitoand thadarkor oiirrow Ijandycalanune; butiu this specimen murh of tbesmithaomto hits been R'pUu.ed by 
caUniiue. Tho dark patcbuM roprcpont lesirhRd portiona stained with filma of iron and oumgtmeae oxides. N'atiira' 

D and /il. Pibron? amithwiiiLe (S) with hydroT^nctte (II) i^nd fibrous caicito (C), May Day mine. The calrilc reata 
TilK>ii a lini'ly botryoidjil sLirfacG of smithaoaito. The hydrozi!iciLei,in thia specimen is linely nbroiia aiid forma 
a dit^fincL tayor botweon layen* oi" smithsonite. Natui-al aivi. 
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PLATE XXIX. 

A. Veiuleta of nrgentite (white) altering to homsilvor (^.y) in giin^uo oi pranular qmiriz, Vicforia mine; bl;u:k rim 

between tirgentile and gaiigiie ia bianiutliito. lIiu^miQcd 100 diameters. 

B. Pearceito (gray) and galena (li^bt, pray) in "outoftic" iiitergrowdi, forming voinlcl in j;taporoid, Gem ehauuel, 

niaeteealh level, Gemini mine. Magnified 650 diametera. 

C. " EutecLic " intergrowth of galena and pearceite, nineteenth level, Gem channel, Gemini mine. Miignilied 216 

diametera. 
J^. Argentito in galena, hitter etcbed blauk, 3a^le and Bluobcll miiio; iinjontito shows a strain of white speck.4 octcsa 

<:en(.er of area. Magnified 100 diameters. 
E. Gcocrouit^ (light gray) developing by replacement in galena, Colorido mine. Magnified 'SO diameters. 
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GEOLOGY AKD ORE DEPOSITS OF TINTIC MINING DISTKICT, VTXH. 



OXIP-VTIOX OF ZINC ORF.S.' 
GEHEBAL FEATURES. 

Tl'.c caaiml obeorver loight helievn tlmt zinc 
blende is iibsent from tlic Tintic ores. In 
fftct it ia rarely seen in lorge nggiegalcs. 
Some of fcho dftep oi-e of the Gem chunnel in 
tho Gemini mine and in tho BulU*in Bwk 
mine contains exccptioQally largo ftmounts 
of thiE jiiinerftl and it is occasionaUy obseived 
ebcwlierc Shipments from tJie Goraini mine 
froin level 14 conlftui«3, according to itr. J. H. 
M'-l"^ry9tftl, from 2 to 10 per oont of zinc. 
Ore rAcently shippeHl from level Ifl ooith iii 
the BuDion Beck mine cont&incd 15 per cent 
of zincj 15 per c*nl of lend, and 8 ounces of 
silver to the ton. The inicrosoope shows 
that almost hU tho galena contains a small 
amount of zinc biciidc dissoiiiinated in irregu- 
lar groiiiH and ftppaccntly of the sinae age ufl 
tho giiloiui. 

It is a striking fa<'( that no oxidized zinc 
oit« ftrt^ found oliwe to the zinc blcude, the 
relations being just tho reverse of those 
bctAvo(Mi gulona and nxidi!!e<l lead ores. The 
oxidized /,iac ores /ue also sefitirntod from tho 
oxidized lend: orc-i, except in pnrts of the 
Sorunton mine, in tlic North 'f^ntic district. 
Tlio cxperimontrt Ky OottschaUt iiiid BuehJcr ' 
havo sliown thut in a mixed sulphido body ! 
electrolytie action accolcrutcs the oxJdation i 
of /.inc lih^ndc, wliercns pyrite or gnleca, with 
wliicli it is in I'ontact, is protected from oxida- 
l.iitn. Heci-nt experiments by K. T. Men ' 
iiiul othei-H at tlieCnrnegio Oeopliysical Labora- 
tory have showTi tl\nt uUliougli galena alone 
begins to oxi(h/-o l>cfore zint blende., it soon 
hoi^omea protected by ii coating of difUculLly 
soluble H\dphato or ctirhoiiate. Tlie sulphate 
of zinc, on the otlicr hand, is very soluble and 
is quickly removed when tho surface of zinc 
blende Is coutiuuouyly exposed to attack 
until the mineral is completely oxidized, 
Piu-ing this process tlie zinc blende may be 
replaced by covoUite, as shown in ft specimen 
from tlie Black Jack dump. 

Only in ivccut years have bodies of oxidized 
zinc ores been discovered. They are uaujilly 
found in tho limestone or dolomite footwall 



' A moiB 'Mnilwl nwwtn^ of Ihit ox-WbcI wiK "n-i of Hin I'lnUo di*- 
irii't, by O. K. I.oiighliii. hiu bw-n puhlbhiii la I-Wqu. C-hjIcct. 
vol.0, pp. I-I9, l«» 

• OoliMih«nt, V-II.. and laehlw, U. A., Osldnlicn of ^■tlphid^«; 
P.ftm. Owlocy, vol. 4, pp. zn^t^, lOlO; vol. ~, pp- i."-**. WW. 

' WiiMhLriKtrtw Acsid. S.;l. Jour., vol. 0, p. », i«li'. 



of the deposits of galena, and it is evident that 
the eft.sily soluble sulplmte has migrated along 
ibe easiest paths of the de3cendiT»g waters, aa 
ahovini in figure 23 (p. 172), until they reat;hed 
the carbonate country roi-k, wliich then was 
replaced by smithsonito and calamine, Anth 
small amounts of hydrozincilo. Deposits of 
this Idnd have lately been worked in tho Scran- 
ton, New Bullion, May Day, Yankee, Gemini, 
Lower Mammoth, Kast Tintic Development, 
Godiva. Uncle Sam (Hurabog) , Chief, and 
Colorado mines. Probably they will be found 
near any of the larger shoota of galena. Thus 
fair no intportaut bodies of this kind have 
befen found along the Iron Blossom ore zone. 
The ore is for tho most part practically 
free from lead, but much of that imned in 
the North Tintic district is a mixed zinc lead 
or "combination" ore. Tho relatively pm-e 
zinc ore consists princjpnlly of fcrmginous 
smitlisonite or monlicimite (zinc-iron cra-bon- 
ate). with considerable calaniino. and small 
amounts of hych-ozlncite and aurichalcite, 
accompanied by a gangue of un replaced Unie- 
stonc and chert, liydrous oxides of iron and 
manganese, calcito and locjilly aragonito and 
gypsum. The smithsonite ia gray whore un- 
affected by recent oxidation and brown or black 
whorestaiaed by iron or manganese oxidti^. It 
is mostly very line grained to luicrogranular 
find in places contains many aniall cavities, 
which appear for the most part U* represent 
decrease of volume (hic to rcpliicoment. Init 
much ore with no cavities has also been for.nd. 
Of less common occmTcncc is ore of tiu* eel- 
liiliir typo in which replacement appears to 
have occui'rctl along certain laminae and (he 
unreplacod limestone to havo been later re- 
moved. In one specimen of banded ore ihes 
banding was seen in thin section to pass di- 
rectly a(iri>ss the boundaries of former calcito 
grains and to show no relation to tho strueluro 
of tho limestone, as if the matertid had been 
deposited in successive diffusion bands, like 
the jasporoid of the fii-st stage. (See p. loG.) 
Certain openings in tho core, along original 
bedding planes or fractures, are crusted -ft-ith 
yellow to green tlbi-ous smitlisonito, with a few 
alternating layers of chidky-wliite hydrozineito 
(PI. XXVllI). Soft druses of greenish-blue 
aiu'ichalcito have, also been noted but are not 
common. A little malachile was noted in one 
specimen, where it formed a thin green druse 
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oTcr 11 film of hydrozincite, wliich in turu coaUi^d 
librous smitlisoiiitc. The. calfimine occm*s for 
ihe most part as druses in opeiiiugs in smilb- 
sonite and adjacent gaugue mulorinJs. It is 
also present in small nntount tlissemlnnted in 
smitliHoniie or Jimestone. 

Hydrous oxides of iron, prinripnlly limonite, 
occur as coloring matter in the brown ore Hnd 
as. frm:t.urt' tiiliiigs along wlxich (ho iiinc ore laas 
been leacliod, but most abuudiintly as liters 
I'rom u few inches to ti few foet- thick between 
bodies of oxidized lead and zinc ore. Aluob if 
not mostof the iron oxide has evidently been 
derived hy oxidation of the ferruginous smilh- 



PAS AGENESIS. 

ComparfUive slu<ly of a Iarg& number' of 
spdctni6h6'%h:ofws' the' foUotmg '^'orflgt'tieijfe of 
oxidiiied- xlnti oi>>< and felated minerals, which 
ia shown diftgrammalicftUy in %i>re 22. The 
granular ferruginous smithsonit© was the fij-sl 
ore inineTal to form, rcplarin^ limestone. 
Tl-iis was apparently followed by (he oxides of 
iron and Hianganese, which were La large part 
derived by oxidation of the .'^mithso^ite and 
werestiU forn^ing during f.hegrowth of (he other 
minerals. The fibrous smitbsonito iiud liydro- 
zincite followed, the laf tur in p»rt as a probable 
alteration product of granular auiithsonite and 
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yiaOEB 22. — Diagram iUiislfJlin;: p;irii;;riii«Lj ol oxMixod niti' ami rolulcil mimnils 



sonite. The crusts of soft brown ma-teriftl, 
however^ that line solne of the openings Hp- 
pear to tavo been deposited db'ectly from so- 
)ution. Hydi'ous inanganese oxide is present 
as a black amorphous material wliich has the 
siame mode of oeciirrence as the iron oxides, 
It is very subordinate to the ii'on oxides and is 
more pi-omiiient in the lower parts of stopes 
ihaa elsewhere. In somo places the black 
Tn«nganes4i miuoral resembles hot aerolite, the 
hydrous zinc-manganese oxide, but none of it 
sufficiently pure to permit chemical determi- 
nation could be found. The other gangue 
minerals havo the saipe characteristics as in 
other oxidi/.ed deposits of the. district. 



in part alteruating with fibrous smitlisonite. 
Culniuiue is distinctly later than fibrous smith- 
sonite, but its relations to hydro/incite, auri- 
chaloite, and malachite are not clear. Cak:ite 
w;is distinctly later thnu all tho xiuo minerals. 
No aragonite or gypsum were found in contact 
with zinc miucriija. The low zinc content of 
one aragonite specimen, however, suggests a 
close time relation with hydroiiiucite, and the 
solubihty of g^-psujn in water, greater than that 
of colcite, suggests that it wiis the latest of idl 
the minerals. 

GEHSSIS. 

Tliero-is ao cpicstion that the oxidized zinc 
ore bodies were derirad from original bodies of 
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inixctl load imd zinc sulphides." Tho Kitu- 
blondo \v(i.s oxidized to tho very soluble zinc 
sulph(it<i, whicli was carried do\vnward, whereas 
tho rolatively insolublo oxidation products of 
galena reiuainod. in tho original ore body. 
Tho xiiic sxilphiUc solution, moving along 
fractures and "bedding plfines, replaced the 
pxiror and more permeablo beds of iimestone 



with smithsonito along watercoui'ses and 
depositing calamine. 

The zinc-load or "t'ombinaiion" ore in the 
Nortli Tintic district w;is fonncd by the same 
chemical proct'eses as tho zinc ores freo fi'om 
lead, but the originid lead-zinc sulpliide ore 
wna ovidontly duo to impregnation rather 
than complelc rephicomeut of tho timestoiie. 



with wl'.ich it camo into contact, forming the | When tho xinc blonde waa oxidixod, liraea'^me 
granular smithsonite. Tlie dniwy and fibrous I woa at hand to react immediately with tl'.e 

resulthig zinc sulphate before 
it coiJd raigrnto from the lead 
ore. Thd only remnants of 
sulphides setm in the Xorth 
Tintic district are dissemi- 
nated in limot-toneund do not 
form solid mostHJs. 
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VARIATIONS Ul 
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ORE BODIES. 



SIZE ASD 
OXICI2ED 



DIS- 
ZIHC 



^[tiuHKXl,— ItbKnunuiatIo srmrfonff iliowl^is rf^blJnns balween slope* nf oxhllic<l ^^lucaod l«ul 
crctt lA Hay Dny anil VuxiIcm nifuM, 8*m t»sx. tof M{ilanation. 



sit)ithsouito, tliP liydroxincito, and other car- 
honaios worn formed either by a recrj'y.talliza- 
iion of smithsonito along cavity walls or 
by pixicipitatiou diu'ing n lator stngo of oxida- 
tion, ftfttir the sulphur nectisanry to form zinc 
Hu)phat<\ had been lai^oly exhausted and 
carbon dioxide became an active acid radicle. 
Tiio silira in the ground water, derived from 
Bilicooiis portions o f primai'y oro or from 
poi-phvny that formerly overlay tho present 
surftice, also hocamo an active acid radicle 
dxiring tlie lato stugos of oxidation, reacting 



t For A mora comnli-ta dis(-ti»jii« ttf thti rvikaIz, hoo l.nuk'EiIio, O. F. 
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Variations in the size o; 
the oxidized xhic ore bodies 
and their rolations to the 
lead stopea are due to a num- 
bor of causes, auch aa varia- 
tions in. the quantity of 
originfd zinc blende avaUablo 
in different bodies, in the 
rate of downward inigration, 
in tho aiTaiigemeut of open- 
ings Dlong which tho solu- 
tions flowed, and in the per- 
meability of the hmostonc 
beds with which they came 
in contact. Theso variations 
are illustrated diagi'ammatic- 
ftUy by figure 23. Figaro 23, 
A, represents a plac« in tho 
Yankee mine where the rock 
between two lead stopea is mostly silicified nnd 
only a small amoimt of limestone was available 
for replacement by zinc carbonate, which mast 
have been derived from the upper part of the 
upper slope. Tho dowm-dip ends of tiicso 
load stopea ha<l not htion prospected for zinc 
ore at the time of tho writer's visit. Figure 
23, B, roprosonts another place m the samo 
mine where tlie zinc carbonate replaced a Uiiu 
stratum of coarse-grained limestone tliat 
formed the immediate iloor of a lead stope 
but c«uld not penetrate a dense o-r "tight" 
bod below it. In tho s topes illuiitratod by 
figiu-o 23, Cimd Df also m the Yankoti mine, tho 
floor of the lend stopo was impei'vious and tho 
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zittc-Anlpriut(t sohitioTis lincl lo escapo through 
tlio do^v^\-^lip portion of Iho roof. It h sifx- 
liificant tbut the tops of these zinc stopos in 
tlio hanpinfc wnll nro h>wor thun the tops of 
the coiTOs^poiidiiig lend stopcs. The surao 
conditions arc sho'R^l hy the upper zinc ora 
body ropro.se!ito.d in figure 23. K (Yankco 
mine), wliovc part of the sohilioTis migri»tod 
ftlvng A wnlorc<>tirse hi tho lownr hunting 
wall; but hon-i u p-cator piirt pcvmmit«d »^iirl 
replaced fno Uiwor footwiiB. Fifj^ure 23, /*'. 
n^prosenta moro comphcatod conditions tiiat 
conl rolled the formation of ono of the larger 
'/jnc ore bodies in the May Day mine Ifere 
the floor of the lead stopo i:* a "tip:ht" hme- 
st«no that the zinc ore could vcphico only 
nlong certain open hcdding planes and ft*suj"Os. 
The solutions for the most part migrated 
do^v^l\vH.rd along those fissures to a coorsc- 
grnincd permoable bod which was readily 
i-oploced, tlio solutions rcioving alonj? ftssuros 
and bedding pianos mitil thftir supply of /inc 
was oxhausted. Fignre 23, G, roprosonts 
general conditions in the GeiuinJ and Kidge 
and VnJley niines^ ■whore the lead stopes are 
nearly vortical and the coui-3o of the zinc 
solutions was nearly vortically dowiiward along 
bothling pianos and fissures. The relation of 
oxidized xinc to load ore in the Lower Mammoth 
mine is shown in figui'O .S4 (p. 221). 

KANGE IN UETAX. OONTSKTS. 

Tlio zinc content of small samples may range 
from tUat of pure smithsonito or calamine, over 
50 per cent, down to 15 per cent or less in hme' 
atone that is only slightly impregnated with 
zinc minerals. Sliipping ore has mostly con- 
tflincd from 29 to 3.5 per cent zinc, hut for a 
time early in 1913 ore containing as low as 20 
per cer.t was shipped. Selected samples of the 
ore, free from insoluble gangue matter, accord- 
ing Lo Zalins,ki ' contain no sUver or gold, but 
the average ore sliipped from the May Day 
mine in 1912, juxordiog to Heikes,= contained 
0.027 ounce of gold and 2.20 inmccs of sDver to 
the ton and 2.57 per cent of lead. 

OXmATION OK SILVEU ORES. 

So far as has been ascertained the galena o^ 
the Tiatic district owes its tenor of silver to 
irregularly distributed ai^entite (p. IGO^ PI. 
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XXfX, D), which was cither deposited con- 
tenipornueously with the gnlcnn or rephn^cd it 
immediately after its development. During 
the oxidation this silver sulphide was undoubt- 
edly converted lo .sul]>hate, which, being easily 
soluble, may have ndgratcd for some distance — ■ 
rarely, however, beyond tlic confines of the 
siliceous depo.sit. Tlie oxiilizcd zinc ores in 
the limestone contain very little or no silver. 
The enargite, tetrtibediite, and famntlnite 
doubtless also contained silver sulphide, but 
whether it was free or in chemical combination 
has not vet been fiUlv nscertrtined. During 
the oxidation the silver sulplioto was in part 
reduced to sulphide, the process bemg aided 
probably by the organic nnitter abundantly 
contained in hmestone and dohnnite, and a 
scc(tnd generation of ni^cntite was thus 
formed. A large part of the silver wns precijii- 
tatcd as cerargjTitc hj' the ever-present sodiu:n 
chloride in the mine water, and ccrargjTil;e i.s, 
in fact, the most conunon sdver mineral in the 
Tintic district. Some ccrurgyrito resulted 
from the direct replacement of tirgentite, and 
niitive sdver was produced by tho oxidation of 
the chloride or the sulpliirie. 

Barite may be rich in silver, doubtlcsa 
through secondary proccsscn jn-ecipituting sil- 
ver clJoiido. Some of the massive copper- 
stcincd bai-ite in the Centoniiiid Knreka mine 
contained 80 ounces oi silver and $10 in gold to 
the ton. 

The question of what happens to the silver in 
galena dunng oxidation is one of considerable 
inteiest. S. F. Enmions," in liis Lcadviilo re- 
port, states that "the greater richness in silver 
of galena over cci'usile in this region is very 
noteworthy," and that, axicording to L. D. 
Iticketts,'* tlie fiverrtge silver tenor of the ceru- 
site of Carbonate Itill islesa thtm 40 ouru;c-S to 
the ton, whereas the galena avcrrtges 145 oxmces 
to the ton. The richness of the galena men- 
tioned by Emm<nwstronglysugge3tscnricKnient- 

At Tintic tho galena is much poorer in silver, 
containing from 10 lo 60 ounces to tlie ton. 
vSonie careful ussays were made to ascertain the 
general apphcatiim of tho relations .set forth by 
Emmons. Some pure galena from tl:o Vio 
torift mine was foimd by Prof. 15. E. Bugbee to 
contain 0.02 o\mce of gold and 20.8 ounces of 
sUvcr to the ton. Coai'so gnlena from level 14 
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'crnini a.«sayed a truce of gold niid 18.8 
t>f .-sUver- A hcuvy load cArl)oaate orp. 
Colorado mine yielded 0.04 nimcc of 
i only 7.52 ounces of sUver. A cuprite 
laehite ore from level 13 of tho Conten- 
n.'kft eontaiiicfl a trace of gold and 8.75 
t>f .silvor. Ilic low leiior of the oxidized 
ores is iitfosted by a sliipment of sutdi 
u the Kureka Hill mine. Accordini,' to 
W. Kiter, it contained 27.16 per ecnt of 
0.012 ounce of gold, and ordy 1.07 
of silver. 

eei'men from the Coloratlo mine, taken 
i 300-foot level ncur the Sioux line, 
I giUena, anglesitc, and cenisite. Tho 
, wiiich was a banded mixture of "steel " 
arse gidenii partly eonverted to anglcsite 
the eloiivage lines, wiv^ found to contr-in 
nee of gold ami 3,2'» ouncc:i of silver to 
II. The anglt'-iito criiHt immediately ad- 
J contained 0.7 ounce of gold and 19.2 
1 of silver; the lend carbonate imnie- 
/ adjoining the anglc-silft guvo O.S ounce 
d and IS.Ofi ounces of silver. In this 
ion, therefore, the cemsite and iinglcsito 
n about the snmc amounts of silver and 
but the gtilena \va< very much poorer, 
j seems Its if the oxidation had r^ulted 
distinct enriehiuent both of silver and 
The ore-s of tho Colorado mine con- 
largely of heavy cftrhonalfl with aomc 
(d galena, and tl'.eir avei'oge silver con- 
ran fthout 45 ouueo-s to the ton. 
ordev to obtain an idee, of the relative 
CS.S of eoai-so and "ateeJ'* galena, a speci- 
fiom the Kugle and Blue Bell, which 
cd both vtirieties in jii.-^taposition, was 
'cd. Tlie eoareo galena, which was mbccd 
about 30 per cent of baritc, yielded O.OI 
e of gold and 50 oimces of &Qver to tho 
tho adjoining "st^^el" galena gavo 0.03 
Q of gold and 46 onnee.s of silver, whowirig 
in thi.s material there is no strongly 
iin\ diffi-retice. 
appeal's tinit probably no general rule 
ho establi^^hed, but tho rolati\'o richne.ss 
■nda on how qnicldy and effectively the 
r &ulphat-o is transformed to chloride and 
bido- With regard to tho specimens from 
Colorado inino at Tiiitic, it seouas certain 
no impoveriybnent by extenrfivo migra- 
of the silver from tho ore body can have 



taken place, but, rather that a certain amount 
of {mrichmeiit has been efTected, probably in 
the main tlu-ough reduction of volume dmuig 
oxidation. 

Tho presence of secondary argentite has 
been abundantly proved. Tho analyses of 
wholly oxidized lead ores (p. 102) show tliat in 
several places n considerable amount of silver 
sulphide was di^^solved by nitric acid, in which 
silver clUurido is insoluble. 

A specimen of rich ore from the 1,050-foot 
level of tlie Vietoria mine, inveittigalod by 
Messrs. Means, Wliitehead, and Wells, proved 
especially instructive. It is a fine-grained 
mottled dark-gi'tty, heavy compa<:t rock, no 
doubt representing a loe^d em*Lcliraent. An 
assay of the heaviest poi-t yielded 0.77 ounce 
of gold and 6,980 ounces of silver to the ton, 
or about 22 per c<mt. A thin section shows a 
fine-grained gangue of quart/, and barite 
traversed by a network of ai'gentite (PI. 
XXIX, A). Tho argentite is in plaa.'s re- 
placed by cepai^gyrite, and the ai'gentite veins 
are lined by au opaqiio milky aggi'egatc, 
which proved to bo bismuthite (bismuth car- 
bonate). Cerai'gyi'ite and a yellow substance, 
perhaps bismitc, in part, coat joint planes. 
Tho argentite is unquestionably secondary, for 
tho dohcato network of it cuts across all the 
older textures. Small grains of native yellow 
gold .occur in tho argentite. An analysis of 
this Bpeciracn ruus its follo\vs: 

Analysis of r.>/t silver orcjrom VieUtrut mini. 
lll.C. WelK""iKv.l 

Losa on ii^nition 3. 57 

iD.-ohible in ITNOi ISfi. 10 

Soluble ill ETNO^: 

CO, 2.48 

CI None. 

AsX\ -. - 05 

P,6i. None. 

Cii Nouo. 

.\- 4.15 

pi.o - .31 

Vq-.O, 92 

CaO 7G 

M:jO None. 

Bi.Oj... 18.07 



SO, 



.53 



0U.99 

Upon treatment with lUnmonia l.OS per cent 
of silver chloride wos dissolved, w^hich is In- 
cluded in tho material "inaoluble iu IINO3" as 
stated above. 
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An additioiiftl doicrmhmtion f^ftvp. the fol- 
lowu>g results: 

A? soluble in hot ITNo, -S.-Id 

A^ soluble in oiii:-loiitth roJd UXO., - None, 

Total S 2. fVJ 

Total BaO S, 72 

S required for B;iSO, 1. S'2| ,, .^ 

S requirr:d ;or 1.1'» \)vr cc-ut Ag as Ajr^R i^6| 

S ftvailaljle for oLiitir ctnii't.itucnfs . ll 

BLOj Eohil.:o ill ouc-loLirtli coUl nNO;, 20 -tti 

Dip, CO, f,il('iiI;Ued 22.10 

CO.. iiNTiilablo for othor "-"(tUHMtiioiitfj o4 

This reniiirkaltlo oro i^i thu.s proved by chem- 
icttl and niicrascopic study to he a compouiu! 
of qunrtx, bante, argcntit^i, and hismutliito, 
with some oei'm-g^Tito resulting from the de- 
composition of the secondnry argcntito. It 
represents luidotibledly ti great enj'ichment of 
silver and gold from considerable masses of ore, 
and botli thewe inot-*ils, ns well as the bismuth, 
must have mi«rrftt«d a considerable distance. 
TUoTG lire no romoina of primary sulphides in 
the ore. 

Another in'veresting specimen of oxidi^nod ore 
ill which tlie secondary nature of the argcntito 
ia clearly shown. cam« frou\ the rich winze on 
(ho 1,200-foot level at the north end of the 
Eagle and Blue Bell miao. The i-ock, origi- 
nally a jaspcvoid, is now in ptu't replaced by 
Qi^ontite and horn silver aad coated by soft 
yellow crusts conUiinuig ii'on, lead, and bi.s- 
niuth. iVrgcntite occurs throughout the speci- 
men in spots large enough to be identified u-itli 
the naked eye. BrowTi horn silv^er coats joints 
and druses and i.s in pnrt crystallized. In pol- 
ished sections the avgentite is seen to be dis- 
seminated id small gi-ains which hare a marked 
concentric structiirc and which are in part 
converted to honi silver. Small specks of 
bright yoUow gold occui' both in argeiitito and 
quartz. 

The cldorido of silver (cerarg^T-ite, or horn 
silver) usually occm-s at Tin tic as brown crusts 
ami films on joint planes of jasperoid or oxi- 
dised ore. It is abundant, though generally 
QoL conspicuous, in all the silver-lejvd mines 
and in mines that contain highly siliceous ores, 
like the Iron Blossom. Native silver is much 
less abundttnt but in many places accompanies 
tLe chJoridc. The most extensive bodies »f 
pure silver ores occurred in the upper levels or 
at medium deptlis of the Eureka Hill, Bullion 
B&ck, and Gemini mines, but rich horn-silver 



ores also occurred in ubunthmce, for instance, 
ill liie 1,200-foot level of the Eagle and Blue 
Bell and in many other deep muics. A small 
but ricli bo<iy of o.xidized silver ore was found 
in kaolin on level 21 of the Mammoth mine. 

The richest of the o.\.iihzed silver ores are not 
found in the oxidized lead ores but in highl}' 
siliceoiLS ores poor in lead. Much ore of tliia 
kind WHS mined in the Gemini and the Eureka 
Hill. Tliis distribution of tlie rich ore may be 
caused by extensive migration of tho silver so- 
lution into siliceous masses underljaug tiio lead 
shoots, for it is unquestionably true tliat the 
silver migrates farther than the lead ; or it may 
be due to a higlier primary silver content of cer- 
tain Idiuls of siliceous ore contair.iag primary 
(Ussoniinalcd. tetrahediitc. ITicsc questions 
are dilhcxUt to decide, for most of those ore 
bodies were mined out long ago. 

Gemini ores of tliis kind contained, for in- 
stance. 6 to 7 per ccut- of le.id and HlH)Ut 7.^ 
ounces of silver to the ton, and similar l*iurek« 
Hill ores from the Billings stope jnclded .5 per 
cent of lead and 20 to 30 ounces of silver. 

SECnxnAKY SILVER SIILPHUJE.S. 

Complex silver sidpludca ai'c not coiimion in 
the Tintic district. The rare pearccito, from 
tho exceptional Gem shoot of the Eureka Hill 
and Gemitii nunes, is described ou page 179. 
The tetrahedrite and cnargite contain silver 
hut apparently uot iu great amount. Prous- 
tite, or areoiiicfll ruby sUver, hfts been reported 
from a few places. The only occurrence that 
could be examined was a specimen from tho 
Chief mine, kindly given by Mr. Walter Fitch. 
Ruby siivor is also reported from the Gem shoot 
in the Gcmi:ii mine, level 1'.). 

The speehnen from the Cliief mine was exam- 
ined by Messrs. Whitehead and Means and 
siiows a predominating fine-grained jiisperoiil 
with di'usy cavities coated by small qr.artz 
crystals. Yellow coatings on tlie s'jrface of 
the specimen prove to be bisnrjthite. Numer- 
ous small grains of prouytite show in the speci- 
men, and a thJu coating of the sapio mineral 
covera a joint plane, Iu thin section the fine- 
grained ja.speroid is dotted with oxirlized prod- 
ucts, such na limonite and nudaclute, and con- 
taints barito laths paril3'" replaced by qnartz. 
Tliese occur both in the. earlier and in tho later 
quartz, which coats and fills cavities. Grains 
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of cerusite replace tlie quartz, and malachite 
fills some of the vugs. The ruby silver is con- 
tained in the o^arsc quartz, and most of it is a 
late product filling the centers of the drusy cavi- 
ties. Polished sections show thnt the prous- 
tito is in part replaced along its margins by ix 
mineral identified as argontite (PI. XXVI f, ^, 
p. 105). A third metallic mineral is probably 
present but hns not been identified. 

The soincwliiit scant evidcnne '.tidieates that 
complex and rich silver sulphides arc absent 
from the normal primary ore and tiiat niby 
silver wits deposit<;d either soon after the end 
of tlio principal epoch of miiiendization or more 
probably during trie oxidation. "■ 

OXID.VTION OK niSMUTII ORES, 

Bisinuth has not been found in the Gemini 
ore zone, but it occurs in considerable abun- 
dance in the Manunoth zone and in the southern 
part of the Godiva zone. The Boss Twee:d 
mine yielded a large amount of bismuthite, 
ftci^ordiug to Tower iind Smith, and lately bis- 
nmth ai-seniilc (ai-senobismite) has been en- 
countered iu connnorcial quantities in the Mam- 
moth mine. The siliceous ore of the Victoria 
eonUins bismutliitc associated with argentito 
(p. 174), and diu'k-yellowmaminilInry crusts on 
corroded quartz rrom the Eagle and Bluebell 
were founil lo consist of plumbojarosito mixed 
with bismite (Bi,0,)- (See p. 162.) 

'Hie primary bismuth sulphide irom w:\ich 
thci^e oxy-snlt-s have bc^n derived has not so 
far been discovered. The occurrence in the 
Minnmoth mine perhaps points to a complex 
sulphai-senide of bismuth nnd copper. It does 
not spom likely that bismntliinite (BijS.i) could 
have escaped notice if it formed part of the 
priniar}'" nssociation. 

CONCEXTUATIOX OV GOLl> DUTtlXQ OXIDATIO'. 
OCCtlHRENCE, 

Mo-^t of the Tintic copper ores and some of 
the laigc bodies of siliceous low-gi-ade lead 
ore like those of the Iron Blossom mine cori- 
tftui from ?4 to St2 in gold to tho ton. It is 
not likely that tho tenor of these ores has 
been notably hicreased by migi'ation of the 
gold, though it may have been increased some- 
what by reduction of volume during the oxi- 
dation. The distribution of gold in somo of 
theso ores is very iiregular, though a certain 
average may ho maintauied. A series of 
ussa^'S from a stope in the Colorado mine, for 



instance, showed from, nothing up to S6 to the 
ton in gold. Another stope in Iron Blossom 
Ko. 3 gave assays ranging from $0.80 to 
S18.20, the average of all the assays being 
about S5. Certam spots and poi'ts of the 
shoots are much richer than the rest, a.nd these 
ujidoubtodly indicate local migi'ation and con- 
centration. Somo examples of these condi- 
(ionSj taken at random from a long series of 
a--^says, are set forth below: 

Gold, ailver, and lead con'-cnt of certain parfji ofrnv shoots. 
ColoiiuJo mine, Spanlnh Fork Miope*; nHIccoaHlcnd ore 



Gold. 


Silver 


Lead 


(value 


(ounces 


(per 


per ton). 


per ton). 


cent). 


f 0. 80 


17 


10.5 


2.40 


44 


21.0 


8.00 


72 


13.5 


36. -10 


361 


8.0 


fiO, 00 


1, 102 


2J.8 


104.00 


1,108 


49.7 



Iron DIoNimm No. 1, South tHopo No. 3: nbllcKOUH oreB poor in lead. 



n. 20 

6.00 

28.00 

120.00 

284.00 

503. 00 


11 

22 
180 

6fi 
152 

26 


1 








1 



Iron BloKMln No. 3, Vun riopc. 



J 1.20. 
2.80 
6.00 
8.-10 

in. 60 


4 

37 

33 

■J3 

222 


3.00 


7.00 

3.66" 



In tho ores of the Colorado mine high gold 
content is accompanied by i-ising and very 
high tenor in silver, but the lead rather de- 
ereases or at any rate beai's no dii'ect relation 
to the gold. These ores may contain some 
residuiiry galena and undoubtedly contain 
argentite and horn silver. 

In the Centennial Eureka all the copper ore 
carries from $4 to S15 to the ton ui gold, 
but on many levels — lor instance, on levels 2, 
3, 9, 14, and 16 — much richLcr local siliceous 
masses are found, so that these rich gold 
ores may be found at any ,lepth. Some of 
this ore contains several ounces of gold to 
the ton, and one carload of 50 tons from level 
9 is said to have averaged 16 ounces, or almost 
S320, to the ton. 
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Rich spots lU'C often found in the Kngle 
and Blue Boll am! Victoria minc^ in honey- 
combed quartz ore, with ft little oxidized 
bismuth and lead raincrals. Sonit; of the. 
siliceous ores uverftgod §10 in gold and *20 
ounces of silver to the ton, with 1 to 8 per c^^int 
of lead, but the ri<die3t ore on the 1,200-foot 
level yielded SSO in gold, 130 oiincet? of sdvcr, 
and 2 per eont of lead. Heavy galena ores 
aro never rich in gold, eiiargitc ores generally 
contnir. R few dollai"s' worth to the tou, ftml 
ox.idized copper ores appear to be poor in gold. 

On the 1,100-fnofc level in the Vict.oriti was 
found tia almost spherical mass of ore 30 by 24 
feet. This is said to have averaged S40 in 
gold and 2 or 3 ounces of silver to the ton, 
but it contair.cd no lead or copper. 

The Mammoth mine has been rich in gold, 
mostly Hssociated with the copper ores. Parts 
of the Apex slope were rich in goU! from the 
surface down to level 15. The Silveropolis 
copper-lend shoot wris lilcpwise rich in gold, 
but* the Welding copper shoot contains only 
tl to $2 itt gold to the ton. The poor siliceous 
(u-Gs of the lower levels are valuable principally 
for their gold content, as they conttiin little 
silver and no lead or copper. 

Tlie North Star mine, on the Godiva ore 
zone, is said to have yielded more gold in 
proportion to the other metals (load and 
copi>er) than any of the other mines of the 
district. T\vo-third8 of the value of the ore 
was ill gold. The ore from this mine was not 
available for cxannnation. 

CBABACTER OF ORES. 

Native gold is not visible in the distinctly 
primary ores, but many of the secondary gold 
ores show small grains and flakes of it; these 
are usually of bright yellow color, indicating 
that only a small amount of silver is alloyed. 
Some gold in the Mammoth mine, level 10, and 
in the North Star rnjne is said to have occurred 
ill barite, but it is a question whether this 
is not an accidental association, barito being 
common in all the copper mines. Of moro 
significttnce is tho occurrence of earthy manga- 
nese dioxide in most of the mines that contain 
shoots of secondary gold. This was par- 
ticularly observed in the Mammoth mine, 
where the association is well kno\vn to Iho 
miners. It is said that in the Silveropolia 
shoot of this mine, down to level 6, much 
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manganese accompanied native gold. Con- 
siderable manganese was also observed in tho 
Victoria, Centennial Eureka, and hon Blossom 
No. 1 mines. During (he present examination 
no gold was seen directly embedded in manga- 
nese minerals in any of these mines, but there 
cun be little doubfc that with free sulphuric acid 
available from the o.xidation of sulphides and 
sodium clJoride suppUed to the mine waters 
by winds froui the de-serts of the Salt Lake 
region the necessary conrhtions for (ho genera- 
tion of chlorine and tlie solution of gold ore 
present, and that migration on a moderate 
scnle may be effected at any level nbove that 
of gromid water. 

Thero are throe modes of association of sec- 
ondary native gold: 

!. Gold occui"s iu small giains and flakes in 
secondary ai"gentJte, as is shown convincingly by 
specimens from the Victoria and Eogle and 
Bhio Boll mines (p. 175). The gold is rarely visi- 
ble with the uaketl eye or in thin section but ia 
e^:.sLly perceived in pohshed sections. A liwge 
part of the secondary gold belongs to this class. 

2. Gold occm"s m liighly siliceous ores as 
bright-yellow (lakes on joint planes. This 
mode of occurrence is well shown in much of 
the rich gold ore from the Victoria muie and is 
jn-obably also well exempUtied in the Miimraoth 
and Centennial mines. Such oivs ora jxjor in 
silver. Small specimens of the rich gold ore 
from the Mammoth, containing abundant visi- 
ble gold and probahly taken from tho gold 
shoot on level 15, show an allotriomorphic ias- 
pcroid of medium grain. The gold occurs with 
a Uttlo limonite along the planes separating the 
Fmall f[uurtz grains. 

3. Gold 13 sometimes found iu limouito. One 
such occurrence was noted in t-he May Day 
mine, where a lead shoot was luiderlaiu by a 
seam of davk-browji earthy limonite that was 
said to be shippuig ore containing about $20 in 
gold to the ton. Specimens collected here 
prove<l, howevci', to be poor, and no metalUc 
poi'ticles were fomid. 

OSE FROM THE OEM CHANNEL OF THE aEMIOT 
MIKE. 

OCCURRENCE. 

In tho so-called Gem chamiel, tho most west- 
erly chain of deposits of the Gemini mine, there 
appears an ore of such peculiar character tliat 
it must be described sepai'ately. It differs 
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markedly from the ores found elservvhere iii the 
mine or in the cntli-e district, niid doiives addi- 
tioDal interest from the fuct tluit most of it wan 
found below the water Icvol, whero for a few 
yours explorations were carried on by menus of 
li winae from the I,ft50-foot level, at which tlio 
wftter now stands iu the mine. (See p. ISO.) 
Tho shoot, wliich is very irre^lur, extends 
rtlong the fi-Hsure hiio known as ( he Gem chan- 
ntd. It was firet found ft Lttle above tho 1 ,300- 
foot level and wuh foJIowcd down to tho 1,900- 
foot level. Although ut prpscnt tho wtiteT 
stands at IjOijIJ feot in the Gemini mine the nuxt 
few levels above this ure very wet, i\t least in- 
eluding the l,-iOf)-foot level. 

Tho Gem ebrtnnel eiUTira no ore above this 
8huol hi the Gemini mine, but bodioa have been 
mined in the Bullion Beck mine, to the south, 
and in the Eureka Hill and Centennial mines, 
still farther in tho same direction. The old 
worldngs in the Bullion Beck are scarcely acces- 
sible, but so far as could be ascertained nc.ilhor 
these nor tho worldiigs farther south carried 
similar ore. Much of the ore in these mines 
iiloiifj this channel was, Iiowovor, thoroughly 
oxidized. 

Cliuracteristic sulphide oto whs fomid in 
itbundunco on the 1, '400-foot level, and similar 
ores wetxi colloettKl on tho 1,6'50-l'oot level. A 
suttoof fine specimens from the 1,000-foot level, 
obtained thi'ough tho Idndn^a of the Messrs. 
McChryatal, wiis carefully examined. 

Ore aimUar to thia wtis not fnund elsewhere 
in tbo district. At three other pldtx's, at leust, 
tlio water level has been approached or reached 
in ore. One is along the Tnnk tmd luterme- 
iliftto "ehiinnels" of the Gemini, on the 1,650- 
foot level , where apparently no abnormal ore has 
bwn found. Another Ineidity is in tho JIuni- 
mnth mir.o, whom tho low-grade ore is entirely 
oxidizcii. Tho third place is in tho Chief mhie 
on tho l,SOO-foot lev<d whei-e lewd ore was rc- 
etmtly found a few feet tibovo the water levol. 
Spechuous of this om wore obtrthicd tUrongh 
the kindness nf Mr, WuUer Kitch and proved 
trt be 11 high-gmdo gulonn ore with much angle- 
site iind eonisite, a little /.uie blende, and a few 
small crystals of galena. The oro ^pcemiens 
yielde.l 0.04 ounce of gold and 65 ounces of 
silver to the ton. In similar ore from the 
Eagle iiiul Blue Bell mine the gaJena upon 
ctt'hing m polished sections was found to eon- 
taui irre^ilarly distributed grains of nngontite 
(PI. XXIX, D), possibly also some secondary 



argentite along tho margins of the galena, but 
differed in no essential way from the normal 
liigh-grade load ore of tjie district. This fuct 
makes it diflicult to attribute the peculiar and 
rirb, ore of the Gem chanfiol to sulphide enrich- 
ment by descending waters. It is possil)le that 
during the Pleistocene epoch of Lake Boiuie- 
ville the water level in the district stood a few 
hundred foct higher than now, but if so the ore 
at or close io tho present water level in other 
inmesshould aLso show evidence of sulphide on- 
richment, which it does not, so far as observed. 
The uitei'esting fact that this oro is partly 
oxidized below the wa(«r level is mentioned 
above (p. 161). Tlio vugs contain cerusite crys- 
tals jfdncd with silver thivads; nests of wu-o 
silver ai*e conunon, Jind complete oxidation, 
with tho development of cemsito, linionite, and 
malachite is sho%vn even on the l,t)00-foot level. 
This evidence mdicates that the water level, 
either before the Lake Bonneville epoch or 
durhig an arid stage of the epoch, was even 
lower than it is to-daj'. ^ 

TENOn IN SILVER. 

Ores very rich hi silver have been mined on 
many levels in the Gemhii mine, but these owed 
their tenor to horn silver and were in general 
almost wholly oxidized. Ch\linaiy sulphide 
ovcs of the lower levels in other "channels" of 
the mine are not excessively rich, tlie galena 
rarely cont^iinijig niorc than 50 ounces of silver 
to the ton. The sulphide ores of the Gem shoot, 
on the other hand, are exceptionally rich ui 
silver and contain from 50 to 3,000 ounces of 
silvei- to tho ton, oven when mixed with con- 
siderable giuigue. A series of assays by Prof. 
E.E. Bugbee yielded the foUowijig results; 

Assa)js of silver orci of Gem shoot. 

jOuacflfl iwr ton.] 



Turo Ralfiia. I ,'I()0.f oot IpvpI (No. 

:120).- 

r»i(- . iiLiruik>, 1 .900-foot level (No. 

*2f.:l) ,... 

Galurm, peaix-cite, marc ii.'si lie, and 

'/.inc Iilcndc, with, miic-h ganpuc, 

l^aOitiot level (NV ■^2i^. . . .^..... 
Corimj ga-lcnftwithpoarccitc, 1,900- 

fw5l. level {No. 2) 

Coarw? ealtma and zinc blondo, 

1 .»iO-f<" it level ( N'o. 3) . - - 

MediuDi-KTAinedgalena willipcurcc- 

^ ito, 1 ,9()0-ftM.t Ipvel (No. A) 

Crati'na. nulive ailver, nnd pesircc- 

ito, 1 .900-fwt level (Nu. 5} 



Gold. 


Silver. 


Trace. 


]8.60 


O.OS 


4o.,)0 


.01 


R4.0O 


.O'i 


(128.00 


Traco. 


39.94 


Trace. 


1 , 529. 00 


Trace. 


2. -523. 00 



1). s- fSKoiAtiit AL srRV£r 



PHftFRiwroVAI. PAPER 107 PlATEXXX 




ORES FROM TUK GF..M CHANNKI.. (iKMINI MINE. 

J, Ore from I'JJO'f'nit Ivvel, bhowiiiH vviiifl 'i( jialcria mikI (.H'lrtvitv in ji*i*peruid. 

Nut\ir«l Hj/.-. 

B. Ort' ffiin I4CiO-iDrit levt."!, SiXf feet north ol win?*, showinn l>n.H'>;ia o( jasjM?roirt and 
liolouiitei matenii, t*iin:tit«, hikI zinc blende Kurnjuudt'il by nipULtJiTjeiit 
riiiK» of niareusile <7>. Natiin*] i-ii*. 



THE ORES. 



iT9 



Tliesc assays soiini to indicate f-lint Hie pure 
gftieniv and iiiiio blende contain cnmpartvtivcly 
Utile sUvri-j like the enargite, wjiir^h nni-ji-t* vory 
sparingl3^ Tho galenn in specimoTi 320 in pol- 
ished section wiis fi>und to coul-^in only u fpw 
scattered grnins o( argeutltc. Speciuicu ;^21 is 
the one figuro.l in Plate XXX, A, and half of 
the sriwed sperinien "svay used Tor (he assny. 
Specimens 2, 4, and 5 all contiiinod pearrcite 
niixeti with gnlcna and sccondaiy wiro silver 
in places. 

Tlie sTneltcr unnlysis of port of t>ic ore in .it 
raise from the 1,400 to the 1 ,300 foot level gave: 
,Leu.d, H.65 per cent; /inc, 2.6 per c^rit; Iron, 
3.»5 per cent; h-ulphiu-, 4.65 per cent; silver, 
114.9 ounces; this is very smiilur to till the ore 
shipped from this shoot. The average of all 
tho ore shipped is said to have been 50 oimces 
of silver to the ton, which is high for tho luitie. 

ClbVRACTKIt OP- ORE. 

Tlie Gem. shoot occure in a dark ftne-gniined 
dolomitG that is in places black and shaly. So 
far fis examined the ore lias a brecciated struc- 
ture, ftod the ore minerals mnirily fill the inter- 
stices between the frftginents of darK fine- 
grained jaspcroid and dolomite. Much of the 
jaspcroirl in the fragments is identical with the 
ordinary low-grade ore of the mine and con- 
l;\ins fineiy disseminated galena, ziuo blende. 
ftUtl p3"nte. The jnsperoid in places sho\\'s. vein- 
lets of chalcedony cut off at tho edge of the 
fragments. 

'riie coui-ser-gi-flined sulpliide miTiernls ehnr- 
arteristie of this ore iu part replace tho eminent 
of the brecciaj in part they are pui-o filling, and 
in part they replace tha dolotnite fnigment.^, a 
mode of tjccurrence not laio\\nL elsewhere in the 
r.iine or in the district, except in some of the 
ouihang mines in North and Knst Tintic. 

The ore minerals consist of coarse galena, 
much /.inc blonde, a little enargitej inureasite 
(O.and pearr.cite. Their deposition was ftc- 
cornpanied by the formiition of a little quarts 
iji small, clear erystals, secnungly the last niin^ 
cral to form. Tho photograph of a typictil 
specimen, polished fur the purpose, is repro- 
duced in Plate XXX, 1>. 

Tlie gtdena occin"s in rubes and large grains 
with a tendency to rounded growths. Some of 
it forms mirrow and branching vciidets in jaa- 
poroid (PJ. XXX, A) and may bo surrounded 
by a rim of yellow zinc blende. It is very coin- 



nionly intergrowu with pearceite and zinc 
blende iji the innnriev dcsorihed below. 

Zi3ic blende occurs iff snnUl rounded concre- 
tiounrj'' masses wth delicnto concentric struc- 
ture; these spherulites ('ontuin dropliko inclu- 
sions of galena, 

MarcRsite is found coating crevices and frag- 
ments in the shoot as low us the 1,900-foot level. 
IL is plaiidy crystallized, though the cr}'sl«Is 
are niiimtc. In t-he ore as represented on 
Plate XXX, B, iron disidpliide formg small 
soiitl spheres, some of which showing free in 
vuga, or it forms hollow spheres sm'roimding 
the other minerals and sho\ving fis rings ia the 
polished sections. Tliis mineral, wliioii is 
probably marcasite, has nn extremely fine 
rati ial-eitncen trie texture. 

.A. series of assays indit^ate that pure gidena, 
zinc blende, and entn-gite contain comparft- 
tively little silver. The principal silver-lxiaring 
mineral is with considerable confidence identi- 
fied as peareeito, and occuj.s In all of the rich 
specimens. It occurs massive M'ith galena, has 
a dark-gi"ay color, blackish streak, and hard- 
ncs-s about 3, fuses very easily in alcohol Ilame, 
and contains much silver, arsenic, and sulphtu- 
and a considerable amount of copper. Under 
the meLollograpluc microscope it looks greenish 
gray, much like tennantile. Native silver 
forms abundantly wherever decotn position has 
set in. 

Poareeite is characteri-stically intci^own 
with galena, tho boundaries being sharp and 
regular. In some j)I;ices it is suiroundcd In-" 
galena; iu others it is inteigrown with galena, 
the t^exture re^^embllng that of a typlcid eutcc- 
t:c.' (Sec PI. XXIX, B, C\ p. 169.) The 
"eutect.ic" texture is prohnhly caused hy the 
roplacemont of galena by pearceite. 

CovoUite, a scoondnry mineral, replaces 
both galena and peareeito in hhules or intl- 
m;itcly branching form, some of it recalling 
"eutpctic" texture. This mineral is faii-Iy com- 
mon but is rnrcly vLsible except under the 
nxicroscope. 

Gnlcnti is intergrown with xiuc blentJc, hut 
zinc blende, marcasitCj and poarcette are no- 
where intergrown. Poarceite appears to be the 
hUest mineral. 

This ore differs markedly from the normal 
ores of the district in the abuniianco of a rich 
sUvcr sulphai-scnide, iu tlic concreUonary or 

* FfT a moio <k>lu.Ilr<l dwilptfcn of thLs InUvnaitnf; otruiwiwr, nm 
Eton. »j«cilafy, toL II, pp. 1-13, Iflie. 
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91>hi:'rulilic texture of some of tho zinc blendo 
und marcasite, and in the replacement of 
dolomite by the sulphide. So for aa observed 
any concentnit ion of nrgentit.o or ruby silver in 
tho ores of the district is caused by compara- 
tively laic eruichmcnt, which probably took 
place during tho oxidation. It can be said 
with conlidciico that these rich silver ores of 
the Gemitii mine are latter than tho fii-yt phn.so 
of the mincrulb:fltion (p. 154), and they dilfcr 
very strongly from the ores of the second 
i)hii3c. It la therefore held that tho ores of 
the Gem channel were deposited after the 
principal phiLsea of the mincnilizaLion were 
completed but before active oxidation had 
bej;;un. It can not bo asserted that thoy were 
formed by descending solutionSf but they were 
probably formpd by cooler solutions, nsccndhig 
or di^acending, in which tho silver content had 
boon abnormally increivsed because they 
reached (heir placo of de-position by traversing 
oro^ of inc<lit)ni richness already deposited. 

BSZiATION OF THE OBES TO THE IQNEOTTS 
BOCKS. 

GLNKUM. FIlATtntFS. 

The veins of Tintic intersect monzonitc 
tind raonzonito porphyi-y and may be pro- 
ductivo in these formations. They nowhere, 
80 far us known, int^irsoct rhyolito, although 
they luc more recent than the rhyohte eftu- 
.sian. The rela'.ion of the dopi>sit9 to the 
rhyohte therefore becomes a matter of con- 
siderable interi'st, which is more fully dis- 
cussed ill a following ptirngraph. 

Tho scdimentai-y area contains dikes of 
rhyohte, bUitc-undesitG, rhyolitc porphyry 
(Swansea rliyolite), and monzonito porph_>Ty. 
In many mines dikes are not seen, but they are 
found in tbo underground workings of the* 
Gemini, Ctintennial, Apex, May Day, Yankee, 
Onrisn, Beck, Tumiel, and Iron Blossom. 
"N^ono of thcHo diko^ are replaced by ore, 
though oio may occur close to thorn, oven up 
lo the immediate eontnct. Most of tho (likes 
aro moro or less clayey and contain sericito, 
calcite, and pmtc as replacement dep08its; 
tlm p>Tite occui's usually in very minute 
giahia. In places, as in the Centennial mine,, 
the igneous rock may yield a trace of silver. 

In the region of the Iron Blossom, where 
thci-c arc many dikes, evidenco of a slight 
mineraliziifion may be found along the con- 



tacts of these dikes even if they occur in • 
nonproductive parts of tho mino; this is ox- 
prcMsed by limonito stain and silicificatiion 
and hero and there by n low content of silver. 
The dikes are undoubtedly older than 
(he ore deposits and tho relation e.\presscd 
above is therefore interpreted as indicating 
the great selective power of precipitation by 
the limestono or dolomite. Tho conditions 
in the Centennial mino arc particularly in- 
structive, for here there are several dikes and 
Hat masses of Swansea rhyolito porph>'ry in 
the midyt of great ore bodies, and none of this 
igneous rook has been replaced by ore. 

CONTACT OF BHYOLITE AND LIMESTONE. 

Tlie vicinity of tho May Day mino ofFei-s 
oxcellGut opportuTiities for an examination of 
tho contact between tho rhyolito flow and tho 
limestone. At the siu-faco the contact lies 
close to tho shaft and the portal of the up- 
per tunnel. It is first exposed near tho Uncle 
Sam shaft on tho lower tunnel level. Tlio 
tumiel, which trends aout,h-southwost, roachea 
tho Uncle Sam shaft iu a distance of 450 foot 
and is in rhyolitc at first compact bu- grad- 
ually growing moro clayey. Tho contact of 
rhyolite and limestone lies about 1.50 feet 
south of the shaft ami stands ahnost vertical. 
It is followed by a vein of kaolin 1 foot wido; 
adjoining this is 1 to 2 feot of a rusty mate\-ial 
wivh limonito, which looks like oxidi/.ed 
pyritie rock, and this changes gi-aduidly into 
normal liraestono; in places the hmostono is 
c-tifliilar and siiicifiod. Pyi'ito in finely divided 
form is also contained in tho clayey rhyoUte, 
and small foils of gypsum are abiindant in 
somo places. The contact of the two roclts is 
certainly mineralized to some ex tout by 
■pyrite, though no commercial ore is found. 
Tlieso relations show that tho contact from the 
sm-faco to tho tunnel level is vei-tical or rathor 
overhanging. 

On tho 400-foot levol, or 200 foot below the 
tunnel, the contact is met about 100 foot south 
of tho shaft — that ia, almost vortically b<!low 
tho upper contact. Tlie rhyolite is clayoy in 
part, but in places it looks like sand.stouo oi' 
it may be hard, like quartzito; it is pi'obably 
tuffaceous. Tho contact is difficult to locato 
with exactness, for both rocks are silicilied 
near the dividing plane. Tho limestone is 
porous aijd contain.^ harite ci-yatala hi the 
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pores, and k few (cM hark of the oontuct 
cemsito tind gnlona (ippeov on a fissure. iMuch 
gold is occusionnlly foimd in tho silicifitid 
material. 

On the 700-f<J<)t Invol the t^iitact is sbowTi ill 
a drift east of tho ^liftft; it dipi^ 20° E. and Is 
indiatinct and silic-ificd. The malprial nlong 
the contiK'.l. is aaiti fo cari-y no motals in dotcr- 
minabJo quantity. The rhyolito is a durk 
clayey bi-oc^^ia \vil,b much pyiito or niarcftsi'.c, 
but this sulphide, according to the superin- 
tendent, Mr. C. C. Griggs, carrieB no precioiw 
metals. , 

On the 800-foot level the contact is 450 feet 
north of tho shaft, which indicates a consider- 
able flatteninf}; out below the 400-foot level. 
Here black clayey rhyolito tuff rests on brec- 
cintod limestone. 

The contact is also visible in the old Godiva 
workings. The Godiva shaft is 400 feet norlh- 
vreat of the Uncle Sam shaft, and tt«; collar is 
SO feet lower. The placo first visited is on the 
200-foot level or tho Godiva tunnol level, 
where the contact is sharp and vortical or 
somewhat ovorhanging. Tho rh3'-olitfl is clayey 
and contains much fine-gi-ained pyrite and 
g^-psuiB; it adjoins a mass of ILmostoue de- 
tritus, the coai-sc fragments of which are dis- 
tinctly oxidized. Thoi"e has been littl-e miiior- 
iJizfttion, and no ore appears on tho contact, 
but a UttJe ore was found in the fractiu"e<I 
limestone about 25 foot fi-om the contact. 

On tho 600-foot level a dikolik© mnsa or 
pipe of fragmental rhyolito appcfl-ra in tho 
limestone. The contact with the rh^'olito 
flow is thought to bo exposed on tliis level, hut 
little of the rhyolito is nctuaUy seen. 

From tho 500-foot lovol there is a connection 
\ritli the Tetro shaft, 1,300 feet to the west, and 
by ascendijig this for 200 feet tlie old, now 
caved Tetro tiinnol is reached. Hero a sharp 
contact is shouni botwcen clayey rhyolite and 
an uniiiistukable tiilus slope of limestone. 
The angular atid unaltered fragments ore from 
a few inches to a few feet in diameter. The 
spaces between tho fragments are in part open, 
m port cemented Uy cidcite. Tliere ia no ore 
in tbo vicinity, but in assaying tho limestone 
along tho contact A£r. Tetro obtained small 
quftntitics of silver. Tlie contact is vertical 
or dips into tho hill— that is, to the south; by 
plotting it on the naap at a distance of 276 feet 
from tho portal it wil! be seen that tho contact 



is nearly vertical from the surfac-o. Tho lime- 
stone slope above is very steep, and it Ls 
possible t!ml these sleep coutacta repreaont 
liincsstono cliffs agfliiist which tho rhyolito 
flowed. It is likely, however, that aomo lat« 
movement has taken place upon the contact. 

Tiic presence of hydrothonual effects along 
the contixct of rhyolite and limpstcne has 
been mentioned by Tower ftn<l Smith,' who 
also note the oc<MU"roncc of ore fragnicnts in 
the hmestono talus tmcjerneiith the rhyolite 
and the abrupt terniination of tho ore at tho 
eontacL In spite of careful examination of 
hU avaihihle locnJitics it has not been possible 
to verify the last two atatements, and *ho 
writer is forced to believe that they were based 
on the occurrence of a little ore in the linie- 
stouo in the Godiva awaj' from the contact 
and not in the talus i)ut in frrtctured rock. 

Xu the Yankee tunnel the contact of rhyolite 
and limestone is also intersected, 300 foct from 
thn. portal. Near the contact somo limonito 
was noted, suggesting a slight mineralization. 
Tlie only other evidence hen ring npoa tho 
relation of the rhyolite to tho ore was dit*- 
covered in the Eureka Hill mine. On tho 
200-foofc level about 43U feet north of tho 
shaft the drift croFSos an old depression which 
lies 125 feet below tin? present surface and SO 
feet below Eureka Gulch hot a few hundred 
feet to tho south of it. The depth of the 
depression below the drift is net Imown; its 
width is about 123 feet. It contains abundant 
bouldoi-s of rhyohte and limestone, in part 
well ntunded. Accortlir.g to 3rfi-. G. W. Kitcr 
and Mr. Charles Weissbakor, respectively mano- 
ger and supenntendent of the mine for many 
veal's, tbo wash contained in places llout of 
ore, also some "volcaJiic ash" and bonew of 
annuals. 

This old chatmel of Em-eka Gulch is there- 
fore of postrhyolite age, as showTi by the 
rounded fragments of rhyolite which it con- 
tains. From the configuration of the rhyo- 
lito it is also evident that the volcunic flow 
nuist have completely filled the naiTOW out- 
let of Eureka Gu'cb, and that this fJliag m.ust 
have been eroded before the accumulations in 
the chaimcl shown la level 2 of the Eureka 
Hill mine could have been deposited. On tho 
other hand, the dctrital channel is clearly of 



I Tov«r, 0. V^ Jr., «ad BmUh, Q. O., op. dt., p. 740. 



182 



GEOLOGY AN-D ORE DEPOSITS OF TINTIC MINING DISTRICT, UTAH. 



considerable age and may belong to the latest 
Tertiary or the early Quaternary. 

'Vhe evidence thpii shows that the rhyolitc 
WH9 in place at the (imcof the mineralisation, 
and it is evident that the fissures in wliich 
the ore wna deT>osited fiiiled to penetrate tho 
clayey iind tulTaceons lo\V)>r layers of that 
rock. It i'^ surprising thiit no extensive and 
ri<-li ik'posiUs have hrcn found undeiiicath 
the iniperineahle cover of the rhynlili^ but 
thi-M is perhaps rxpluincd 1)y the excoedingly 
stmiig selective action of the solutions in 
favor of tl;e limestone iind dolomit;--. It is 
aW) prol>ah]!: that the dcpt^siting solutions hml 
no great volume but closely followed the 
paths prescrihcd hy the open fractures. Tfairf 
is, inileed, cleurly indicated hy the ubscuce of 
minoraliziition in the productive piirt of the 
sedimentary lU'ca except along certain wcU- 
definrd lines, represented by the four great 
vciirzonna, 

GENESIS or THE OBE DEPOSITS. 
PaiNCiPAL I'KATITRES OK DEPOSITS. 

Tlie ore depf^its of the Tiiitic district have 
been formed hy rophu-omcnt and (illing n\ong. 
fractiircj^. lu the nionzonitc iti-ea, where the 
deposition seems to have had its inception, 
these fruetiires arc numerous and generally 
smiplo, treneing from north to northeast. 
In the scdinventary rocks the main fractures, 
which ill several plncci; oomiect with those in 
tho monzouite, genenilly trend north Hloiig 
four principiil lines, but the deposition luis 
been nuich more complex, for ores have been 
formed along fractures of all kinds and along 
strfvtili cation plunes. 

Tin'oughent the tliatriet the charaet eristic 
gniigue iniiieruls are harite and quartz, the 
latter developed as rephicoment jaspcroid or 
MS lillinj; niid at many places clearly consisting 
of reetystuUizcd gelatinous silica. The chief ore 
niiuerals arc enargilo tiud galena; in suhor- 
diniLte amounts are p,\Tilc, zinc- blende, tetra- 
hcdrite, an unknown hisnnilh mineral, and 
others. The losid shootw are c^incentrarcd in 
the northern part of the district; the copper 
shoots, iieconipnnied with umch baiite. lie 
chielly in the aoulhcru se<linientrtry area. 

In tho igneous iir<>ti oimrgito and galena 
occar togetlier at. niiiny ])l:ices, but the ceo- 
noinic importance of tlie ores is snudl. In tile 
igneous area there has been much seri(atizntion 



and much deposition of pyrite; in the sedi- 
mentary area sihcificntion has been tho only 
metasonintic process. The elements of the 
primary deposits compriao lead, copper, zino, 
bismuth, s^old, silver, arsenic, ant.iniony, potas- 
siiiiu, barium, silicon, oxygen, ami sulphur. 

There is a general Jil>scnee of certnui con- 
Btitucnts chnracteristifi of deep-seated th^posita, 
such as minerals containing boron, fluorine, and 
phosphorus, also of all heavy silicates, pyrHio- 
tit4^, nmgiietite, and ilmenite. No zeoliteii are 
found, and (i number of niotals such as tellu- 
rium, soloiuuiii, nn>lybdenum, tungsten, and 
rare earths are absent. There are pructiwiUy 
Jio calciuiii nruiorals, except dolomite nnd 
calcite of late or postmiueral age, cleurly 
derived from the limestone. The relative* 
scarcity of pyrite and zinc blonde in tho lime- 
stone lifiMt is also not^iworthy. 

Physiographic considerations lead to the 
eonciusiori that the present siu-faee is not more 
Ibun about 1,000 to 2,000 feet below tho surface 
that existed at tho tune of ore deposition, and 
that therefore the deposits M'ere formed at 
relatively slight depth below the surface Kud 
not at excessively high temperature and pres- 
sure. This conclusion is confirmed hy the dis- 
covery that in tho northern part of tho district 
a largo part of the jasperoid and quarta was 
deposited as gelatinous silica. 

That the ores were formed by aqueous solu- 
tions is so evident that discussion of this ques- 
tion is necdioss. To prove tho toniperatui'o of 
the depositing waters, however, is less easy. 
No distinctive high-tempenxture minerals are 
present except possibly onargito, as to whoso 
stability limits iind niodo of formation little 
defiiuto Informntioa is nvjiihiblo. So far cs 
knowai it is never formed by cold, descending 
wntei-s. The siUcification and. tlio deposition 
of quartz, barito, galena, zinc blende, argentite, 
and pyrlto are possiblo at temperatures eon- 
sLdendily below 100° 0. — Lu fact, son>o of the 
dcpo-stts in tha outlyuig parts of tho district 
and thcabnornialoi-eof the Gem chamiel in thci 
Gemini mine boar distinct evidence of having 
been formed at temperatures below 100° C, 

If, nevertliolesa, it is beUeved that the nornuil 
ores weix"" geuernUy formed at tomperalures 
nmging from 100° to aboufc 300° C, tliis belief 
rests more securely on geologic than on riiiu- 
eralogic eviiienc^.'. It is thought that tho solu- 
tions grsridually became ex)oler as tlicy pcne- 
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trnteH ini.o tho sedimcut.s nurlliwunl. Tho 
pxogn'ssivo chiuigo northwarti, copper ovm 
giving phco to lead oros aiid Lln^ gniuis and 
cr_vatu]s of lh<?i quartz uggii'gii tcs pi.!R-rpfibly 
dc'croiisirg in aizo, givtvi support to t-liis boliof. 
The rtbspiK'o of nuironsito iind tlu' ubiuidaiico 
of pyiite iind its conuiiou octahednil form sug- 
gest higher touiporatiLTOs in tho nionzorarri than 
noimal g:'ouii<l wjitor would bo oxppcled to 
huYO. Tiio gouoral similarity of iho vciiis to 
countless othei^s in l.he Cordi llcnm region, innny 
of witich, it hti3 boon proved, wore deposited by 
hoC aolutionSj of com-so adds to tho strength of I nxdcs hftvc proved negative, corLSo(inentW the 



mure recent, but these, though afforrfing excel- 
lent pu?f*agewiiyi^ for gn>undwa,ter, coaUiui no 
nictiiUiu uiiaernls and no quartz but are at 
most ccincnted by mlcite. This proves cx)ii- 
i-lusively tJuit the deposits were not ftnmed of 
mat<M'iiil extraftnri by the genern] eireulutmg 
gniuiid wiitoi* from the sediment ary rocks. 

OKPosiTixG soLrrro.\>i. 

It is scarcely pt)ssihle that tlie vast amounts 
of siliea dept^itod were oxiiaeted from the sedi- 
mentary roclvs. Test-s for barium in tlmse 



t)io ai^unient. Tho widesproiid sericitic and 
pyritic alteration of tho monzonito proves that 
it was extensively permeated by solutions coii- 
taiaijig hydrogen sulphide. 

GKOLOGIC EVinENCE. 

Tho stixjngcat cvid(nico as to genesis is reuUy 
geologic-. The depo>:iLs wore formed, probably 
about tiio mid<ll« of tho Tertiary period, in tho 
interior of a huge volcanic pile in which the 
te.niperatnrc wonld naturally bo above nonnal. 
They wnro formed in or near a largo body of l:ot 
monzontU\ intmded as tho last phase of vol- 
canic activity, iind under a thick blanket of 
lavas which also heated the underlying rocks. 
On the other Iniiid, the ngoneies tha-t formed 
tite deposit-s ceasetl to act long ago, as is iiidi- 
cateil by the great degreoi of oxitbttion, as well 
as by physiographic*, evidence of debris fans and 
deepl3' huried sti'eam bedsj containing frug- 
naentsof ore Ip. 181). There is little reason t<» 
doubt that the deposition was completed before 
tho enfl of the Tertiarj' period.' 

Tliese frtct-s mdicate that the ore deposits 
were formed within a relatively' short epoch, 
just after the volcanic activity had censed, and 
were therefore intimately coimected «Tth 
igneous phenomena. The limestoao contama 
abundant ft'actures. Many of them a-re much 
older than tbedepot^its, and some are distinctly 

' The volciuilc priptioiu t i jil pf»-ct!cto(l tro dcjHviUoD wore Uifr tlinn 
Eoci'ncn^ilIni''titiiikin,asahO"''nonp. l(H. TliytripUouaantcilatci (Ik" 
upbciiMJ or the BiL-ki. H;ti)t^-<:. On Iho oIIkt 'juiii, Wkvhtdiot PU-v 
MDO ux" In tho victntty of Miiatpi^Ufr, Idaho, J)i^ north oClh« T'lih 
boandiir>-, sro dlsllncdy InNtr '.iinn the Ba^tlo Rangu aiiUft, \>)ilclt U 
|tnv«'ftirf ^stligi^tt to OlJuoccnc HUd iliDc«n<! I'kh?. ^Vstho nm di^poviu 
tf* twliii-ctl to htr.i' b- VQ lonnrd as B flaal os;prF&3iiMiO.'tg&w«'j acUi-ltf , 
thpy wrro pnfi.mul'iy loriucd bofon iin.- P11.1IQ Habj;* apim, but rj 
Ifir vaiilDi; ii;i|[r« ot volr*i^U.\in nny >i.tro ttitk Ql loiu; dimlion 't.o Uihp 
ul-ori' ^•■p''*"if"i (■■"* f*"^* ^ -.r iiTily n.xcd. Ifil ■A^^lnpro(^^«k^tttu^rl'le 
upUft l-.i.d bcKiia ■-(. had riiiM".! bvfora cneioD iitA «d'ncici-d cn-ML^Fi lo 
rcnio^-i- ruuch of iliu covirr ot volnuiir rocJa and llHTBbjIoftllowthCAilii' 
Ugamtorvach Iheaiirftwv.^o. K. I*. 



sovu-ce of l>oth siiic-a and barito must he sougiit 
elsewhere. The gangue aud ore miueraLs ure 
identical in mouzonito and h\ limestone. All 
th.is tends with cumulative effect t^Jwivnl proof 
of thti genetic, connection of the deposits with 
the monatinite. 

It is therefore hehevcd that the depositmg 
solutions were hot waters :i.S(cudiag in tho aiou- 
zonito oi\ a fissure system fornietl very soon 
after its consolidation, while the roclc was stdl 
Itiit.. The ultimate origin of these wafers can 
not bo proved from the evidence available, bat 
it is believed tln\t they were, in part, at least, of 
magma tic origin, and that the precious metids, 
the lead ant! t!ie copper, came from the magma. 
It is not impossible that some of the silica and 
the baniun were leached from the monzonite, 
but there is no defunte evidence of it. Li fact, 
during tie general alteration of the monzoaifce 
little silicr. apn*yn-a to have been lost, and in 
part the rocklnis certainly been siljcified. 

'Hie depositing solutions were then probably 
hot wa ters rich in silica, hydrogen sulpliidc, and 
various metallicsujpliides. Tlicy also contained 
Crtrbon dioxide. The extensivo.sericiti/atitm in 
tlie monzonite suggests that they may also l:ave 
co:it:iinc<t potassium. In the uionzonite the 
heat was considcrahJo, and comparatively little 
galeiuior eniirgite was deposited, the ore bodies 
consisting chiefly !>f quartz and p^Titc. As the 
waters ftS<'endod, their circidation was in part 
impeded by overlying clayoj' luid tuftaeeons 
voltwnic rocks, and they were forced northward 
horissontally along ceitain open pasMugeways; 
they depnsi tod tlieir copper niinenils first and 
then the IcatJ minerals in successively cooler 
zones, until their siJiea and their mctJilUc con- 
tent becrtmc cKhaa-^ted. At the same time 
they be(^a me enormously enriched in earbonates 
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of magnesium and cal<-,ium. Dniomito, being 
less soluble, was dcpositod in fnicttires sur- 
rouiidijig the ore zone. Li the peripheral parts 
of the district, dolomite and caluito, with some 
giilonii and zine blonde and only minor amo^mtt^ 
of <iuartK, were tho onlj^ minerals deposited. 
Tbo order of deposition, wifcli roj^pcct to the 
moii>;onite contact and the relatious of the 
different minerals to one another, are sliOftTi in 
ligury 24, 

Tiio relations of tho solutions t-) the igneous 
rockaaro moatLntercsting(p. ISO). TIic poroua 



Enargito 



pla<-.od by ore. At most, tho rock bocarao 
tt-ltered by tho development of serioite, culoite, 
and pjaite. 

FUTUHE OF THE DISTBICT. 

Prospccttiiig and dcvelopmout at Tintic hftve 
olwayn been difficult and expensive, for the ore 
is cfjnfiued t4> ocrtiiiii zoneti of deposition sepa- 
rated by long stretches of burron gi-ouml, and 
m each zone tho ore bodies may be disposed 
without much reguhiriby or contijniily. The 
lato,st great devolopmciits have been in the 




Mi:i(>i.onita 



Umc&tor.c and dclomite 

FiU'jRi: 21,— DlagrLiuiiiliov.'iuR teUv.lon.1 nt ore LT-d sanguo tniDcral.-: I omoiuonlla contact. 



raonzonito was easily pi^iietrated, but tliG lower 
tuffiiceous l)c<)s of rUynlito and latite-o.ndesite 
proved alnuiHt entirely impermeable except lor 
i\ little hydrogen snlphidc which produced an 
impicgnfltion of pyrite in t!ie lower part of 
these rocks. 

ThoSwrtiii^ea rliyolitp porphyry was attacked 
in places, but wherever tliis roi-.k or monzouite 
porphyry or rhyolite ot-.cun'ed aa dikes m tlio 
S(,«Iintcut(try roi'lcs the selective activity of tho 
solutions favored the limestones to so great a 
degreo that praetieally no ore wan furme<l in tho 
ignetius roc-ks, thougli tlio siu-rounding linio- 
st<ine or dolonute may have been entirely re- 



Iron Blossom zone, and at present tho moro im- 
portant explorations aro being directed north- 
ward froni the Gemini and Chief mines. 

All tho valuable ore zones between tho 
Gemini and tho Iron Blossom have probably 
boon discovered. Weyt of the Gemini zone 
there is little encoiu-agement, Lho imfavorable 
j formations soon giving place to tho still more 
imfavorablc quartzitc. The character of min- 
omlization shown at a few phn^cs in the 
wiH'ldngs of this aren indicates that the 
solutions were weak, cooled, and largely de- 
pleted of their metal content. Extensive cross- 
cuts have been driven in tho region west of tho 
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Eiu'eka Hill niid Centennial mines, wntlunit 
success. M) extension of the Gemini zone 
soutji of the Centennial mine, which at one 
tijDio appeared very probable, seems t« have 
been defln-itpiy tUsprovwI by tlie explorntitMiy 
in the Opex mine. 

The exploration norUbward from the Gemini 
mine in the deep levels seems promising, iintl 
new ore bodies will doubtless be found hero. 
It is possible that in thewe deep levels below 
the water level the Gnmini ore zone will be 
found to contbiuc northward townrd tlie Fax- 
man shaft and perhaps toward the &iU<-.ili<',d 



mine nmch efl'ort has been oxpended iu at- 
tempiini; to find the northerly continuation of 
tlie ore btvdics. Pi-obubly no large ore bodies 
ex-ist here, for the solutions seem to have 
been diverted on cross fractures, close tc 
the Beck .slioft^ to thf Godiva ^onc. On the 
other hand, little exploration ho» boon under- 
trtken to <ho east below Lho riiyoliti\ and it is 
possible that some of thp solutions were di- 
verted in this direction. 

There is, in fact, room for an easterly ore 
zono east of the Iron Blossom zone, under- 
neath the volcanic roclta, thougii the devol- 



areus north of Packard Pe^xk. If ore is found ; opments so far undertaken from tho Iron 



here, especially primary sidphide ore, it will 
probably be rather low iu silver. The con- 
nection of the Grand Central with the Cen- 
teivnial Eureka mine is also established, and 
hence tho patli followed by the solutions fi'ora 
the Miimmoth to the Gemini ore zone is known. 
It is iinliliely tlie.t hi the southern part of the 
Mammoth zone nip-ny new ore bodies will be 
found by lateral exploration, ex^-ept perhaps in 



Blossom zono have not been encotuaging. 
The future of the East Tiutic district is dis- 
cussed on padres 25;l-254. 

Exploration in depth in the monzonite area 
has been retarded by I-ho high level imd great 
volumfi of tlte water. If, as proposed, this urea 
is unwalercd by a tunnel from Goshen Valloy a 
considerable number of veins wjU doubtless bo 
found, some of whicli may well prove remuncr- 



tho northonstward-trendine frnctm*6 svstem of ativc. Tho tunnol would have an clovatior. of 



the Ajnx and Gold Chain region. The inter- 
val between the Mammoth and tho .Godiva 
iM>no has been exjilored, with no success. In 
the long Sioux Ajax tunnel no minernl-bcQnng 
fissures were discovered, and explorations for 
I,.SOO fcot to the northeast of the Eagle and 
Blue Bell shaft have exposed vei-y little evi- 
dence of niinernlization. On tho other hand, 
the deep worldngs in the Eaglo and Blue Bell 
and Chief mines are eucouraging, and tlio area 
north of the Chief mine and north of the 
Eur<\ka town site offers some promise of ore in 



about 5,000 feet at tho porta! and, with a grade 
of 1 :300, would strike the Sunbeam mine about 
1,440 feet below tlie crojjpings. 

On iho other bond, exploration ia dei)th i« 
the scdimentaiy areo has been facilitated by 
the deep water level. The proposed tunnol 
would strike mines in tho aedimontaiy zone 
Idgh above tho water level and would therefore 
help mainly by Icjisotiing the height to wiiich 
the water would hftve to bo pumped. 

Exploration below known ore bodies has not 
been universidh' successful iu tho district. Few 



depth. Ir. this area there is some evidence of ! ^^^ bodies \uivq been found in di.\Dth i» tho Iron 



mineraUzation on the surface near the Paxman 
mine, but no ore bodies have been found near 
the surface. Itishkely that tlie ore, if present, 
will be found at a cousidemblc depth. 

Tlie north end of the Godiva zone, where the 
limestone sinks below the rhyolite, merits more 
exploration than has been given to it, even if 
tho silver content of tho galena is lower here 
than eisGwhero. 

Tho Iron Blossom zono still contains large 
bodies of low-grade ore, and lateral exploration 
has disclosed several parallel veins, but the-y i: re 
not as valuable as the main shoot. The fis.sme 
veins ia the southern parts of the Godiva and 
Iron Blossom zones have not proved vury 
ramimertttivo. Xorth of the Beck Tuuuel 



Blossom and Godiva zones. Tho Mammoth 
has low-grado ore close to the water level, and 
in the Eaglo iind Blue Bell and Chief mines 
the ore bodies have recently been found to 
extend below the water level. Along the 
Gemini zone very encoui-agii% results have been 
obtained to a dt^pth of 250 feet below water 
level, but it is nmnifestly more than could be 
expected of a single mine to handle the great 
amount of water, for any one deep mine in this 
vicinity will proljably (huin most of the water 
in tho neighboring properties. 

If thehypothosis outlined above (p. 183) ils to 
the lateral movement of the deposirjng solu- 
tions from tho mouzonite area uorthwurd is 
true, it is not likely that tho ore will continuo 
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indefinitely in depth. Thu ore bodios in tbe 
deep le.vcis of the Gumini and Chiof mines arc 
probably caused hy the damming influence of 
the impermotible rhyolite blanket, which here 
rests on tho limcHione nt conipuralively low 
nltitudos. THl* solutioiis eould not rise freely 
toward the Miirfiuv', hence under the impeUing 
force with which tht^y r.acended in the hot mon- 
zonito they woujil 1)0 guided northward in the 
upper shiitterod zone of the limestono until, 
cooled nnd iniiiglc*! with siirfftcc wiiters, thoy 
hurl deposited their metuUic load. 

The sti^'ady lUid long-continued production 
of the district hua ii» piirt been caused by the 
titscovery of new ore bodies, but m large part 
nJso by successive workings of the same ore- 
bodies. At fir^t only the richest ores were 
extracted. Liitttr, when the chui^cs for treat- 
ment declined, the old stopcs, moat of tlieni 
atill open itt the hiird jaapei'oid or limcf-tonc, 
were reworked and ore of lower grades taken 
out. At the present tirao there aro in many 
of the lolncs large resorvcs of ore of n gros-s 
viducof S5 to $10 a ton, for which a cheap and 
pfTectiYt! proticss of reduction is now sought. 

Tl:e probabiUties fjivor the \ne\v that tbe 
mincrHlization will be found to continue to 
great depths in the nionzonitc area, for the 
solutions up]Hiar to Vui\o ascer.Aei \n \\iuX 
vicinity. Owing to the indicated lateral move- 
ment of the sohitiona hi Iho sedimentary area 
it is possible that in some mines in this, the 
main part of tlie district, the mineralization 
will be found to cenao before great depth Is 
attained. 

MINES. IN THE SEDIMENTARY FOUMATIOXS. 
OEMIKI ASTD STDGS AND VALtEY MINES.' 

Lncutwii. — Tlii.1 mining properties owned 
by the Gemini and the Kidgo and Valley 
milling companies are imdor one management 
and aro operated from tho Gemini shnftv 
They constitute one of tho rar)st iiiiportunt 
rabies of tho district and ono which, though 
having bad its greatest production in the earlier 
years of tlio district, is inr from oxhnusled. 
Tlio claims extend in a general nortlicrly 
diresifiori and lio nnrtli and south of Eiu'eka 
C'lxek, at tho west edge of tho toi^ii of Eureko. 

t Tow«, O. W., Jr.. urn,} Sailth, 0, O., np. c\L, pp. 7S4-T37. Hp.JWi«, 
V. C.,(tJnh mjiw mporUJ: f. S. Oool. Bun-«y iliroral R*ioutcm 
l*S-Ii.i|j. 



They cover a total ilistanee of 2^ miies, iiut 
the principnl pnnluoir.g section bes north of 
the sliaft. 

The mine has for numy years been opeiatcd 
by members of tho McCbrvslal fam^ily. Much 
information has been obtaiued from Messrs. 
Jackson C. and John H. MeOhrysttU. 

Di:Vilopintrii.— The Gemini vertical bhaft 
is sunk on the north bunk of Kureka Ci-cek. 
about 100 feet above it, at an altitude of 6,'tG7 
feet. lis depth is 1,650 feet, tlie lowest level, 
Xo. 16, bomg turned at ft depth of 1,644 foot. 
The levels extend mairdy u little east of north, 
level 16 having reached about 1,700 feet north 
of tho shaft. Tho developments st>iith of the 
shaft reaca to the Bullion Beck line, a distance 
of about 700 feet. Levels are turned at 100- 
foot intervals, but the upper levels aro not 
worked now. On level 14^ which is 1,444 feet 
below the colliLi*, a long cross<;ut eastward 
connects with level 16 of the Chiof mine. 
From level 16 a winze 300 feet deep ha.*3 been 
sunk on the Gem ehunr.e! to a few feet below 
level 10, which is thus tho deepest level in tho 
mine. Since 1911 moat of tlic work has been 
done oi> levels 14, 15, and 16. 

Froduciityn. — The total proiluction of Iho 
Gemini mine bus never been made pubUc. 

been paid m dividends, so that it may be 
fiur to assume tinit the value of the total 
onlput is about ^10,000,000. The production 
of the Kidgc and Valley mine, which hicludes 
tlie most northerly ore bodies, has so far 
been small, and the ore tonnage has been 
less than that of tho Genihii mine. 

A little gold and copper and zinc are crrd- 
ited to the mine, but the principal output is 
in lead and silver, and it is pi-obably not an 
exiiggeration to say that all the ox'e extracted 
had assayed on the average about 10 per cent 
of lend and 40 ouncca of silver to tlie ton. 
According to unolheial statements the annual 
ore prodnction during the last few years haa 
api)roachcd 2.3,000 tons. 

'WaUr. — ^Tuc water level was found at level 
16, at an altitude of 4,813 feet. After a wiiizo 
had been sunk to level 19 the water was held 
thero by electric pumps hfting 300 gallons a 
mniute, or 432,000 gallons in 24 boui-s. The 
water is now stationary at level 16 at the winze, 
at an altitude of 4,835 feet. About 20,000 
gallons a day of scopago water is dumped iu 
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this vriiizc without affcc.tiii': the wiWcv level. 
Most of the levels me cntiroly chy, but sooio 
water is inet in the Gem w westerly <vhnunol 
on lovols 14 and 15, so (itat levels 13 to 16 
Hro vciy wtit in this part, of thw miiio. 

Gioloijy. — Most of the workings are ifi l.he 
Bluebell <loloniitc, which eonsij^ts of heavy 
beds of dnrk-grav, raUier fine joined n>ek. 
On the smfnce the Blueholl dolomito tweupics 
jin arcft nhoiit 1,200 feel wide from eftt^t to 
woKt. In th(^ northern p.irt of tlic mbie «nil 
on the lower lovols the .''trike. is N. 20° W. 
mid the avenigc dip \p- 78°-S2'' K. On tho 
surftiee nt the slnift tho strike is nearly north. 
mid farther nortli about N. 8^ E., so thftt the 
iificlei^i-ouiid obsei-vationa indieato wi eiustcrly 
twist. Exact mensuronRints of dip and strike 
are possible only at a few places in the mines. 

The oro-beanng fi-acture* exterid a httlc 
Ptist of north, closelj' following; tho stnitifi- 
calioii. Much more promijior.b thun these, 
liowevcr, is a f*trong "system of easterly "eross 
breiiks"'; these fractures nrc observed in all 
ports of tho mine and are more abundant 
t.hui\ ill the Bullion Beck nihie on thp south. 
Most of them dip SS^-TO*^ S. und strike from 
N. 70° E. to S. 70^ E. Begiiming nt tho shuft, 
the cross breaks are apacod 100 or 200 feet 
apnrt. The .sonLioUed "main cross break" 
lies about. 4aO feet uorth of tho shaft on lovol 
15. In tho extreme uorth end of the mine a 
few fraeturos hUei'Soct the trend of the ore 
bodies, striking S. 50° E. and dippuig 75° 
SW. None of these cross brinks find Gxpros- 
sion by faulting on the surfaco. Fractures 
striking N. 30" W. also oceur but are not 
common. 

Fihijvlite. — Dikes of " porphjTv'* nrc fomid at 
se.veriU plaeos in the mine, and on tho surface; 
the flow of Packard rhyolitrt reaches almost to 
the sXiaft. (Sc»e PI. I, in poeket.) Tliese dikes 
are probably jiU of rhyolite, though they are 
usually so clayey and dtxomposed that their 
luiture can not be dolinitely recognized. 
Tower and Smith * state that on level 3 about 
200 foot north of the shaft there is an easterly 
fracture 10 foot or more wide in which aogulHr 
fragnionts i->f limestone and rhyolit-e were fomid, 
aud a similar occiu'rence was found on level 11, 
300 feet north of the shaft, On level 6, alxnit 
1,000 feet s(mth of the shaft;, they found u 10- 

' TcwKr, G. W., Jr., and Smith, G. O., cp. c U., p. 7^. 



foot dike of rhyolite strikinjT tiortheflst and 
dipping SS"* SE. Thi^y also found in the 
w(frkings 300 feet east of the shaft on levels 
6, 7, and S a definite northward-l rending: con- 
tact between rliyoiile and limestone and were 
inclined to reirnrd the contact as a Itilus slope, 
because t-he two rocks are ?cpariit.cd by a /.one 
t>f hroker. laatoriut 10 to 20 feet wide. The 
present v-Titer e.ximiined two "of those, places on 
levels 6 iiud 7, hut considers the evidence of 
talus doubtful. Durinir tho present examina- 
tion riiyolite was found on level Hi, l.-'iOO feet 
north of tlio shaft, ailjoiuing ore luul linu-ytxuie 
in the Tank chumtel. Tho soft clayoy matr- 
ri;d, whieli contains some pyrite :incl gypsum. 
i^ probaldy rhyolite. It is about 8 feet thick. 

Orf lioJii-if. — No outcrops of ore are seen at 
Iht^ surface. Close to the shat"t is an outcrop 
iif altered aud rusty limestone which is consid- 
ered to represent the Tank (.'haimcl. Karlber 
north, near !ho lvidg"o and Vulioy shaft, sinno 
silicified limestone is o!>served at t-he surface. 
The only ore- found al)Ovc level ■! was in small 
bundles following N, ij°-I0° \V. fracl urcs. Tlie 
lli'st liirge ore body was opened on level .5, oast 
of the shaft, and other bodies liave bcou fnurul 
on all lower levels down to tlie jxriiatt^st depth 
attained, or 1,900 feet. (.See PI. KXXU.) 

As sliown on PliUe XXXI the ore occurs 
iili>nji; four ilistinet- and parallel hues which 
closely follow th(^ stratification, strildng iV. 1.5° 
E. und dipping SO" E.; thcso are from west to 
east the Gem, Intcrmetbatc, Tanlv, and Rt^d 
Bird chunnels, and for the mo3t part they lie 
within a \Wdth from east t-o west of 7i)0 feet, 
llic ore bodies are irregularly thstrihutcd as 
lenses or pods along these lines, as is well 
shown in the composite cross section (fig. 2.'»). 
The upper ore bodies were fomid mainly near 
the shaft, but in the lower levels a tendency 
has been shouTi to a northerly pitcii, so tliut 
the present ore bodies; on the TauU and tli>in 
ehauEcLs lie 1.000 l-o 1,700 feet north of the 
ahaft. vUthough the ore bodies thus in tiio 
main follow the beds, there are many places 
where the,v break away along Ilssures; \\'h('re 
Lliey take to the easterly cross breaks I hey 
form a connection Ix^lween two of the '"chan- 
nels." This is well illustrateil on a diaE^ram 
of the upper levels (Pi. XXX.I). 

Tho Kcd Bird uatl Tank clumncls .-iro 
strongly dovoUipOfl on lovols 6 am! 7 near tho 
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shaft. The ore licdi&s aro iw much us 30 fftol 
wiilo and cont-iimoua for sovexal hun(li-«(l feet; 
thoy begin on the Rwl BiH south of the shtift, 
then tako a cross break and go ovor to the Tiink, 



north of tho shaft on t.ho IntormodiaLO and 
Tank chunneU?, but eonio ore "shoots have nko 
boon found on tlie Ke«i Bird channel DO<J foet 
uorlh-uorthoast of tho shaft. On Icvols 14, 1 5, 
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Slope 2,300 feet 
north of shaft 
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Th« 8«ologio tjoundariea indicated arc ftbout nwmal to ptjne of section 

FiauKBM.—ComposltocrgwsBcKonal tho G«ailnl mine, 3hnwinghrm uf ott liodiVw. 

which t!u>y follo\\- for 1,000 foet as lenses sepa- I and U> most of the ore bodies lie from !,000 



ruUul by brtrron sU-otchiw. Ou Icivols S nud 9 
on tho Rod Bird isolntxid ore bodies contiuuo lis 
far north as ou Invels C> luid 7. On lovok 10 



to 2,000 feut north of ibosbaft on the Tank luid 
Iiilermcdialfl channels and pitch to tho nart>U. 
llioj' range in wlJth from a few foot uo to 55 



U> VA tiio oit> bodies lie mainly for .500 foot foot and at many plucks turn and follow cross 



MIN'ES IN TlTE SF.DIMENTAHY FOKMATIONS. 



189 



breaks. Somo of them are con linuous for 200 ' have been worked hvico. In the earlier 

feet, T>iit miiTiy of tbo smuUor bodies are pipes I ycmra oitly the nchor parts were extracted, 

with elliptical cross section. At one placo on ) nnd there rcniftined much poorer ore that 

level 14 throe such pipes, each about 

6 feot ID diameter nnd siuToiinded by 

limestone, were not^d in trian^ilar 

aiTangement within a circle of 25 foot. 

The Rod Bird channel contains few 

ore bodies on love] 14, the lowest level 

on which it has thus far boon oponod, 
TUo Gem channel lu"st appeal's in 

the mine on level 13, although it has 

boon mined at considerable hig;her 

levels in the Bullion Bock and Eui'cka 

Hill mines. In tliis mine the Gem 

channel presents some very peculiar 

characterislies. Tlie ore began along 

a bi'oak following the bedding about 

1,300 feel north of tho shaft above 

level :.■?, aud from this point the ore j 

was followed down in louses and pipes 

to level 19. Tho approximate outline | ^ 

of this shoot, in longitudinal projec- | J 

tion, is ahoAvii in figiiro 26. Tiio ore ^ 

ranges irom^ a few foct to 50 feet in g 
width and is very irregular, though as ;^ 

a whole parallnl to the fissme, wliich 3 
hero troncls N. 20° E. On levels 15 ? 

and 16 tVio ore bodies lio nearer to the 
shaft and iu part connect ou cross 
breaks with tholntflrmethatcchftnueh 
Tho Gom oro bodies lio in a dark- 
colored dolomite, which along the 
chnimcl Lino is h-regularly converted to 
a black jasperoid. Tlie ore is oxi- | 
dized only in part, though tliis partial §■ 
oxidation descends below the wat<M' ^ 
level at about 1,650 feet below tho 
collar of the shaft. The Gem channel 
is very wet for 200 foet abovo the water 
Ic^'ol, but in other parts of the mine 
the oro bodies are nearly dry. 

Ore supply. — Like most of tho other 
mines of the Tintic district, tho Gemini 
mine rarely hiis lai-ge bodies of ore 
opened at any one Lbne. Neverthcle^ 
ithus been a steady producer for many 
years. Tho occurrence of the ore in 
more or less isolated pods and pipes 
renders a great deal of intelligent 
development work necessary, and an ex- 
nmioalion of tho mine maps suggests that 
the possibiUties ore far from being ex- 
hausted. Moreover, many of the ore bodies 




would yield a profit when conditions of 
smelting and tranapoi-tation improved. For 
instance, in 1&14 an old 8-foot slope on the 
Intermediate chamiel on level 14 was re- 
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opened and it wtis found thai only tho oxi- 
dized soft oro IiJid boen remove*! wMch con- 
taineid 30 per cent of lend and 20 ounces of 
silver to tho ton; adjoining this was a body of 
black jaapcroid with gjdona, sB\'ertd feet in 
width, which at f fic later dato proved profit- 
able to extract. 

Ores and minemls. — The ovo bodies occuf iiy 
lonnes, pods, or pines along the fract'Ji-e lines, 
most of which f'nmd N'. 10°-20^ E. The 
thiekni'ss of tfie oro ranges from a foot or two 
up to 30 feet or mor«, rarely oO feel. The 
inincrnlization along tho fracture linos is 
marked l>y tho irrcj^ular repJ;:comftnt of dolo- 
niito hy ^riiy or bluish ja-spRVoid wliich con- 
nee.Ls tho ore pods along the strike of the 
fracture, though this ailieification is not abso- 
lutely lontiuuous. In niany places liie silicUi- 



silver to iJio Ii>n. Higher coiitouts usually Ln- 
dicrtto admixed silver eldorido or rich sulpho- 
saltd, such as pearccitc. 

Sorau lead stopea from tho Intonnediate 
ehiuuicl on level 14, in largo part oxidized, 
yielded 30 per cent of lead and 15 to 20 ounces 
of silver to the ton. In tho smno vicinity wore 
ehlori<lo ores with 6 to 7 per cent of load and 75 
ounces of silver. Copper staiiis aro not uncom- 
mon and aro derived from the oxidation of 
tetrahedritc, pearceito, or nioix* rarely onargito. 
Only one specimen of onargite was found; it 
eumo from level 19. 

Zine blendo is found in the primary uuox- 
idizod ores, as small grains iji jaaporoid or as 
uiclusions ill jjalona. A small quantity of 
pjTito is generally present. Cernrgyrif© was 
abmidanb in tho xip]K!r levels, but sjiocinioni* 

Smcitcr itiiahjses of Gemini ori:s. 
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1. lrf>w-Krt4lo oro shipped from dump, 

;i. l.etid and silvtrr I'hloridc ore from Rod Bird cliannol. 

4. RiclLHidpliidooro in pijie on l(?vcd 11 <.'x:oni;ing up from winze 19, Gem tliiiuuel. 

h. Hii'h Hulpliide <tTC iu irinae Bt»>pti on Itivol IGV, Hum channel. 



fi. Uich indpiiidooro Iruin Gem <.liiiiir.pL on level 17 

cution extends a few fed beyond the oro, and 
the silicified rock i^i riecompaniod by sparsel)'^ 
dis-^^eminaled galena and zir.c blende. 

The Gemini orey were oxi<lized in liirgc part 
down to iho water level, nr about l,6f>0 feot 
Itelow the collar, but In tiio deeper levels the oxi- 
dation is oijy partial and much galena is seen 
on levek 1 1, l."), and 16. Tho on«^, are in l-iio 
main siliceous lead orc^. The gangne is fine- 
grained bluish gray flinty juyperoid, replacing 
dolomite and nsnally containing small plates of 
barile. 

Tho oi-o of lower grades that, could be mined 
in It) 11 had a minimum value at the mine of 
about SIO ft ton and contained .U to 1,5 ounc<!S 
silver to the ton and 4 to per ei>nt of lead. 

Galena and ee.rnsile, with more or leas 
anglesitei, are the principal Iciul uiinorula. The 
avorago galena contains 30 to 40 ounces of 



woi'o fouiid oven in lovel 17. Towtjr and Smith 
mention crusts of iioi'u silver a qtmrter of an 
mch thick from thenpiHn'hn'cls, Native silver 
is not uncommon, and wii"e silver with ccrnsito 
was noted ui spi^icunens from level 19 — that is, 
2.50 feet below water Icvol. 

The primiiry lean oi-e of the thi^ee easterly 
ehnnnels consists of blue or g'rny jasjKM'oid, 
locally banded, in which are disseminated 
small graiiLs of gulcjm, zijic blende, and pyrite 
(PI. XIX, B, p. 15G). Cavities m this ore are 
coated \\'ith white fijui^graijiod quartx,at tbebase 
of which galena is often deposited in abundance. 
More or less barite is present but is rarely con- 
spicuous. Tliti oxidized ore is a soft and honoy- 
ex>mbed mass of sdica, cerusite, anglesite, etc., 
with small amountii of limoxiitc. 

Some of the lead stopos are ftdjoijied by 
bodies of oxidized zinc ores, some of which 
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have been shipped. This zuic ore us'.iully 
replaces lunostoiio outsiHeof the «iiiciliod zone, 
»nd tho material of aluppin^ grado averagos 
about 30 per cont of zinc. 

Tlio oxidized zinc oi-es have been foiind L<) 
some extent below level 12 and on level 13 
but ha\'Q for. the most part bet>ii nuucd from 
levels 14 to 10, in both the Gembii and the 
Ridgo and Valley mines, Tho wostorii (Gemi 
eh«juiel has thus far yielded practienlly no 
zlric ore. Small pockets of lii,i;h-2;iade ore havo 
been found aloug it, but no body of promising 
size lifts been opened . Tlie niidcllo (Litci-- 
mediate) and eastern (Tank) channels both 
c^ntuin cousidomblo bodies of zinc or© and 
have togother yielded tho total Hmountshlpped. 
Thozii^.c ore ns anile forma casing around tho 
lower parts of the lood-silvor stopes, the gi^etit- 
eat concentration being on the footwull side 
(fig. 23, 6', p. 172). Tho ore also follows fissures 
and bed(Jii\g planes for abort distances away 
from tho lead-sUver stopos, but none has been 
found at any cousidoi'able di.stnnce from the 
lead -silver stopea. 

The gi"ay and bro^\^l types of ore wore uotiHi 
in several diJIcrent sttjpos, tmd some black ore 
was seen in the lowest, on tho 1,600-foot levfil 
of the Ritlge and Valloy mine. The fibi»us 
botryoidal, cellular, and daisy aniithsonite and 
tho dnisy calainuie are said to have been 
widely distributed along fractures in ore now 
stopcd out. 

Tho ore of tho Genx channel in this iniac is 
very peculiar mid suggest*! a sulphide enrich- 
ment. Tbc Gem channoJ has been worked in 
this mine only below level 13, but from that level 
the ore bodies wure continuous down to level 19. 
On levels 1 4 nnd 1 6 the ore coDtiiins mainly sul- 
phides, partly oxidized. Similar conditions 
existed bolow tho water level down to level 19, 
according to st.at<mient9 by Messi-s. MeChry^tul. 
which wore substantiated by examination of a 
suit-e of specimens from the lowest level. 

The ore, which is described in more drtail on 
page 177, is contained in a breccia of ju.-^peroiil 
and dolomite and consistiiofgalcnu, zinc blende, 
mareusitc, and pearceite (or a closely related 
mineral). It is x'ich in silver and avereges in 
the Gem cbiimiol 15 per cent of lend nnd oO 
ounces of silver to the ton. Analyses of sepa- 
rate lots of ore are given in the above tuble. 
Assays of seloctetl pieces gave as much us 2^000 
ounces of silver to tho ton. 



BULLION BECK MINE, 



Location and JeochpmerU. —Thv* Bullion Beck 
mine, one of the oldest in the distiict, lira be- 
tween the Gemini and the Eureka Hill. It is 
now owned by the United Srntes Wining Co. 
The mine has been worked from 1882 to tlio 
present time, althouj^'h since 1911 the opera- 
tions have hccn on a small .scale and mainly 
curried on by Icsscesi. 

Tlie mine i.ii opened by u vertical shftft close 
to Eureka GiUch below the town of Eureka, at 
an altitude of about 6;360 feet. The depth in 
J.3iH) feet, and a winze from tho deepest Irvcl 
reucht^ 200 feet below the bottom of the shaft. 
Tlic shiift and winze were dry nt the time of 
visit. vSomc wiitercame in from 100 to 1,100 
feet I>eIow the sui-face and in 191 1 a httle water, 
probably from a pocket, was covering tiu' deep- 
est hvo]. 

The developmciiLs are exteasive on all levels, 
but little work was being done in 1911 below 
level n. Tho drifts extend about 6l)0 feet north 
of the .-ihnft iind 1,200 feet south of it and con- 
nect on most levels with both adjoining mine:*. 
The totyl lengtii of drifts iimouuts to at least 
10 mile-i. 

PmducfMii.—Thc production of the llullion 
Hv.ck mine has never been made public, hut the 
total dividends paid arc said fco amount to 
■?2,76S,100. wlii.-h is so'iuewhat more than has 
been prtid hy tiie Gemini mine. If it is ussumed 
that oue-fourth or one-fifth of tho gross pro- 
duction has been paid in dividends, the total 
value of the output may be estimated ut 
■SI3,000,,UOO or $14,000,000. The total (on- 
nagc is not large, certninly not over 400,000 
tons. Some gold and copper have been pi-o- 
ducod — in feet, considerably more than in the 
Gemini mino-but the principal metals are 
silver and lead. The on* ha.s vnricd {^teatly in 
richness hut is on tlie whole u siliceous lead ore 
probably averaging 30 otinces in sdver t»" tho 
ton imd iibout 1.1 per cent of loud. 

GeolfKjy. — TheQuateniHiy dejn>sits of Eureka 
Creek <'0ver i]iv outcroi)s of the rocks in large 
part, but enough is shown to itidicate that ti-.e 
not4ible nortlieustorly fault that extends ob- 
liquely iieross Eureka Creek pushes ahuoat 
tiu'ough the shaft. Drifts to the north pass 
into the Bluebell dolomite; the southwan! 
workings reach into the Opex dolomite and 
Ajax linicstouc, cut by several minor eu.sl- 
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northeasterly fiiults. Llnderground, the diJTer- 
ent formatioaii arc difficult to recognize w-ithout 
lonn; and detailed study. 

The strike of the bods is in general a fmv de- 
gi-ecH Wfst of north, and the dip is either vcr- 
ticfl! or very steep to tho south. T)ie influ- 
ence of tlxo strong northeasterly fiviUt, along 
which the southern block has moved about 
1,000 feet uortheflst aad has become gi-ratly 
fructuiod, is not markedly shown in tJio dJa- 
tribution of the ore bodies, aiul the fault itself 
is not amspicuous in the nune; it is probably 
the oldest dialocation mid at the lime of minernl- 
izatioQ was completely liealed. The roc'ks 
north of the shaft are fresher and harder, show- 
mg good bedding and no disturbance, but for 
lOt) font soiith of tjic shaft tJie limestone, on the 
upper levels at leiist, is greatly broken and the 
beddiug is ijidiatmcfc. 

On level 13 the rock south of tho sliaft is 
hiu'd and fn-^h and fhe disturbed ground ap- 
pours on the iiorlli. From tliese relatioiis it 
would seem probable that the fault plane dips 
steeply nortinv*;^'- 

Tho easterly fractures whieh so eonunonly 
influence the ore in the Gemini and tlio Eureka 
Hill nre u(tt conspicuously present ui the 
Bullion Deck. 

Ore hodif-s. — Tho ore bodies in general follow 
northerly fraefures tliat closely or entirely co- 
incide \vit}i the bedding planes, but these frac- 
tures ore rarely marked by conspicuous dis- 
pldcenxeivt. Ill general tho three principal ore 
zones of tjic Gemim, wlueh, from west to east 
lire cjiUed the GeD\, Tank, and Kcd Bird chan- 
nels, continue into tl\o Bullion Beck ground and 
may bo said to xiuH^. south of tlic shaft, at the 
same time bending to a south-sontheasterly 
diivetioii. 

Durmg the visit to tJie mij\e in 1911 tho 
oppoi-tunitics for atudyutg the ore bodies wore 
poor because many levels were inaccesaiblo 
and little ore could bo seen. To the north of 
tho ahitffc tho ore occui-s more in isolated lenses 
or pods idong tho three "channels," as in the 
Goniuii mine. The greatest ore bodies are 
found (o the south, betwet^n the Bullion Beck 
and Eureka HiiJ shafts, and these ai'e described 
m the soctiou on tho Eureka lliU mhic, as tlie 
line between tlie two pi-operties ohiiost paroJlols 
the extension of the oro. 

No outcrops arc visible on the property. Tho 
nppennost oro bodies begin at a depth of 100 



or 200 feet immediately below the detritus. 
The largest bodies wer« on levoLs 4, 5, and 6. In 
the deepest levels no large bodies have been, 
found. 

The ores follow in part northerly fractures, 
in part those trendmg K. 10" W, or N. 10° E., 
or more rarely n<»rtheasterly or easterly cross 
breaks. It is in places difficult to decide 
whether the ore follows the stratification, planes 
or an obliquely int.erseeting Jfraeturo. North 
of the shaft tho ore bodies occur witlim a- dis- 
tance of about 600 feet east and west, but 
south of (he shaft, where they turn to a south- 
southeasterly direction, they occupy a width of 
only 250 feet. In tliis mine the two prhieipal 
channels, corresponding to the Gem and the 
Tank of the Gemini mine, are known as the 
Silver Gem and Eureka HiJl channels. Both 
of these continue into Eureka Hill and Centen- 
nial Eureka ground (fig. 28, p. 195). The great- 
est ore bodies lie bot.wcen the two shafts and 
are formed by the merging of the Silver Gem 
and Eureka Hill channels, whieh here seein to 
follow a N. 35° W. fracture with numerous 
ofl'alioots. In the lower levels the two chan- 
nels are again distinct, but much of the ore is 
localized in. chimneys. One of these chimneys, 
as stated by Tower and Smitji,' lies at the north 
find of the BuUion Beck property and Iras been 
followed to a depth of 1,200 feet; it is about 30 
feet in diameter and pitches south at au angle 
of 70*^. In 1015 it was reported that &. large 
body of mixed sidphide ore Was beuig mined 
from, the 1,300-foot level north, canying 15 
per cent of lead, 15 per cent of ziuc, and 8 
ounces of silver to the ton. 

■ The ore. — ^Thc sihceous sUver-lead oi-es of the 
mine were largely oxidized, but residual galena 
began to appear on level 4. South of the shaft 
tho ore contains a small amount of gold, say 
0.02 ounee to the ton, and a Uttle copper ore 
contaming some arsenic has been shipped from 
the Gem clmnnel. . A httle zinc oro ocouiTed 
on level 9, and some shipments contained as 
much as 10 per cent of ziac. Othei-wise tho 
mlaoraUzation is ontuely similar to that of tho 
Gemini mine. 

EUSEKA HIXI. SONE. 

Location ajtd ow^iersfiip. — The Euix>ka Hill 
mine, one of tho oldest and most productive 
mines of the Tintic district, is on the south 

1 Toww, G. W.,ir.,aud Smith, G. 0.,op, cil., p. 7:i3. 
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side of ICurckii Gulrh ju*l Ipt'low iho town of 
ICuroku i:r.*l nbnost. ilui' soiitli of the Gomhu. 
Ill 1911 work by the contpany liati practkully 
ceased, tliougK tito levels were still open nnd 
lessees Wi>re oporatuijr <'n several of (ho upper 
':«vols. Tlie miiio, which is owiietl by the 
e-staU'^ ol' Jiisueo Ficbl, fjeory;^ E. \\Tjitncy, 
Jolui A. Paekan!, -Joseph Fuokard, suid Jnab 
Liunvncc, bus Iwon wovked for Kuuiy years 
under the direction of the late G, W. Jvitv^r, who 
kindly funushed much valunldo assistance and 
uiiV>nuat.iou. 

Production. — The nibie has ii, birge output to 
'us credit, principally of silver iiud lead, and the 
beg;ijiuing of its productive ])eviod dates b.'tck to 
1S77. The toaiiago of ore is of the stinie 
order of nmjjnitude as that of the Goniiiii and 
Bullion Beck mines but is pmbnbly larger. 
The total fjross \-nhie of the ore may bo esti- 
mated as botwoon .^10,01)0,000 and ?lo,000,000, 
Sorno eoppei' and gold has been pi'oduced !>ut 
no z.ine. The tenor of tbo ore has varied 
grently, but tbo iivortt4>e hiw bwMi about. 2.') 
ouneos of silver 1*.o tbo ton and 7 to 10 percent 

of \(M\ii. 

Df^vrlopmniL -~Th.G niino is opened by a 
vortical shaft 1 ,520 feet deep and having 
altitude at the coUur of 6/176 feet. 'Hiere aro 
about (iftoen levels (wteiiduig i:m-th and south 
and about 1 1 miles of development work. The 
lowest level now liccessiblc is 1,100 foefc below 
the coUr.r. Thoro are sij^is of water on the 
l.oUO-t'oot level and small seepages at other 
places. 

6Vo7o/77.— The- coxintry rock of the deposit is 
tbo dark-gray or bhie dense Ajax liniostouo 
(PI. I, in pockot). Along tbe center of tbo 
claim runs tlie "civumy lime," so desigimled 
by G. W. RiLor, a chanu-teristic stratum '2'2 feet 
wide, bretiking with yellowish-white color nnd 
evidently identical with tlie Emerald dolomite 
member of the Ajax limestone. To the weint 
of this some of the workuigs enter tlio Opcx 
dolomite. The stnke of the bincstone beds is 
N. 10°-i:j*' W. and the dip about 87^ W. No 
igneous rocks of aay kmd are found in tho 
Qitiie. This ii:ine contains several sm«U cares. 
Olio OJI level 3 describe<l by Tower aud Smith 
is said Uy have been fiUed with borizontelly 
deposited bnnded quartz and lead carbonate 
and thiifl might have boon filled durmg the 
primary mineralizution. U so it is the only 
lOirM^"— 19 13 



I clear in.-4tMnce t»f such nn occtUTcueo in the 
' district. Other caves are liisliactly pi>st- 
luuierui ar.d lUlcd by horizon fcallj' stratiiicd 
cave earth.' 

i^u'el 2 at one jilace runs hito detritus of 
QuaLcriiury oi" Tertiary ago with btmldors of 
liinei^tono, rh^'olitc, iind, aec<ndiiig to G. AY. 
Riter, oiw 

OiiUrii{).'i. — ■I'iie. deposit shows one lijve of 
v.'oll-delhicd oiUcroj>s along its ("jtslorn ore 
I zone, whieli follow the ridge crest leatHng up 
lo the Coiiteiuual Eiu'ekn mine, at tiltitndes of 
6,000 to 6,000 fcxU. These outcrops have been 
nibied throughout thoirextent; thoopim stopt;s, 
which have a mnxiuum^i width of 15 to 20 ftwt, 
nro still visible. They contained an oxidi/x^d 
Wn»| ore with Ihnonito and honHyoonibcd linc- 
H^aiiied ipiartx or jjispewiid; higher up on the 
hill along this outcrop zone oxidiwd copjxir 
ores seem to prevail, also with linionite mid 
aom^' black nuuiganese dioxide, in part crystal- 
lized. Tlio copper oi-o contains malachile, 
ftxurito, njid soino aruentites. Tli.e sumMinding 
limestone is practically imaltered. l""r(nn north 
to south the ore l>ody shews snverul snnill 
offsets to the cast. Both in (he lead and ui tb(> 
copper stripes some of these ofTsefs contauied 
ore. 

OcciJ rrencc of thi- ore. — As the side line 
sepnratuig the Eui-eka UiU and Bu'dion Beek 
ndnes int(^rsects the principal ore bo<Iios it will 
Ik' necessary' to considar the Bullion Beck 
inbie to scune extent in this dt^scription. 

The ore forms iiregular podlilte mns.s<^s which 
extend along the general direction of liie slruli- 
ficatiun but in pljM'cs juJiip on cross breaks to 
a difl'event set of beds. The ori undoubtedly 
follows lis^urcs, which juay not Iw striiitly par- 
allel io tho striitlfication and which, outside of 
the ore hoihe^, nro incoiij-picuous and do not 
even contain limor.ile or cpnirtz. On tho lliir*! 
level one of tlie^e fissures trends north and dips 
80^ W. The fact that the fissures are so incon- 
ppicuons suggests tiiat no groat preinineral di.-i- 
plaremcTit has occurred along tbcui; thoiigli in 
the absence of dikes or strata of distiricti\o 
eiiariicleristics such displacement would ho 
dillicult to detect. On the tliii-d level tlie woll- 
defioed (issiue mentioned ah*»vo ;-ho\v>* stria- 
tions dipping K>'-20° N., indicating that the 
movement has boon partly in n liurtzont&l 

1 Toww, G. W,.]rf %dA fimai, O, O., oil. oiU, p^ 7w. 
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dircplion. Fmctures trondin^ K. 3o° W. nro 
prominont botvcen Ihc ICurckii Hill nnd BiiJI'mii 
Bof.Jc tflmfls and have no dniiht produri-il the 
decided norlh-ndrtlnvostLM'ly ticnd at' tlio oro 
IiimIics 'm thk vifirii'.y. 

T!k". sewmd foiituio that, has nv. important 
induoiicc on tlio ncfuiri'enfe af (lie. ore is the 
proviiloiioo of ''cross brcuJvs. ' 'riu'Kt^ im> well 
nijjrku.d, in Tiiiiny oIjltos pcivisUMit; some of 
thciiimoopon. Tlioynui^t' in trend from north- 
ni»rtlH^;i.st. to cii.sl-iimM.hea^lj but rionjo i>l' them 
strike N. '.iO'^-So'' E. and <!ip fir>*»-70° NW. 
One iiioii^nrod on the 1,100-foot k'-vel Htrikoa 
N. 00*= K. tirid dips 71)*^ SHE. On Uiis brciik 
were not<,u! slickcnsido^i xvith slriiition dipping; 
20*' NK,, iigrjn iridiruting Ji prevnlenco of hori- 
■/ontiJ niovcineni. The cross brciiks ure hculcd 
in pla<'e» by cnlcite. 

'I'lierc in probably li tile djslonulion ulong these 
cross brciilis; it was fiiaught by G. W. Riter 
tbiit lit olio pbn'e thn " rreamy line" (Kniovuld 
tlokuniti') rofcnod lo above \& fiiuUe.d ir> foot 
to tilt! oust. South of the Euivkn Hul shnfl 
iitul up to the ContenninI line the oiust-north- 
ou"*torJy eross brcwks nro numerous sind promi- 
nent, iind in iihu-t's the ore follows them, thus 
conne<'ting llio sevcnil " clinnnels." Towor inid 
Smith Hliite thiit iit '.iireo plaeos on levels 7 nnd 
to croAs breuJcs were found wliicli t-urried drug 
of oio imd Hmeytone oud on which poatmineviil 
di)>locnl-ion must therefore have otM-urred. 
Sucli oceun'enees wore not observed during tho 
pri'rtont invt'bliwfttion. Tho uorlhoiisterly fttult, 
which, Hs sbitwn on the map (PI. )), displiLoes 
Llie Emoruld dolomite ut a point 'M)i) feet soatli 
of tins lCinx\kM lliU sihaft, is not plninly visible 
under^nnnid und, like the great Knreka Creek 
fiudt, biij> httli; or no influence on the ore. 
This dislof^iilion woa probably completely 
heided hefom tliR minerulizixtion. 

(he /j*(rff(S-.— The Gom, Tiudt, fvnd Rod Bird 
chnnnclH of the Gonuni niine outer Bullion 
Beck ground, tmd, from a seri4'.s t»f detached 
p<tdlike OI1' bodies, eoulesco to a large body 
south of tho Bullion Heckslmft. Lni^c mrtsscs 
of oi'o wore minciL tiere on levols 4) 5, und 6, 
und the ti-(>nd ii; north-northwesterly. South 
of tho ICnrcka Hill t^haft there apii ngidn two dis- 
tinct "channels," here called the Gem and 
Euiekji Hill, and tmothcp, perUniw represent- 
ing the Koil Birdf begins at tho Eureka Hill 
shaft and continues with smftice outcrops up to 



ihe Centennial shaft. On the whole, the Com 
cbarnicl is the most ]>ersi!^lcnt, for it can be fol- 
lowed from the Gemini workings tiiroiigb the 
Bullion Bcfk, Kureku- HUl, and Centennial 
mines. Some of the Inrt^er bodies between the 
snafta passed acrosM the side line into the Bul- 
lion Beck W(*rk»ngs on deeper Ica-pIs. 

Tho ore. bodies f;n'm irregular podlikc 
m)i>:ses, which in pliK-es, e^poeially at the 
south end, i\tg rudely tabular l)nt which rarely 
coittiiine for more tbnn a few iumdred feet 
in depth. Figm-es 27-20 give n somewhat 
diagT-.miLnatic representation of tb.eu* extent. 
The ore began in port at the sui'hice south 
of the shaft, or iminedirttoly below tlic detritus. 




FiaoH>: 27.— Section ot pojthcotl of Kuioloi mil niiti#. BiiiwtnBSav>>r 
Gcni and Eitr.-Jji crc hodi.s uiid aa e::.'«l-w«V cimnirtlm; kb bcdy. 

(After Tow-r wjd Stnltti.) 

(lud tho greaU^st development of the bodies 
between the Eureka Hill ■ and Bullion Beck 
shaftii was on levels 1, 5, and G. lu the 
southern part of the mine strong bodies 
along NN'ell-detuied "' chnmiels ' ' or ore zones 
ore present on levels 6, 7, and 8. Some bodies 
ooutinnc to level 10, but below this level tliei-e 
is little ore or evidence of siliceous replacenier.t. 
Tl\e largest ore bodies were fnimd between 
the Bullion Beck and Eureka Hill shafts and 
were formed by the coalescing of the Eureka 
Ilill nud Gem chnnnela. The BiUuigs stops 
had ii cross section of 100 by 100 feet and 
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extended flown to a ]vnnt soinrw'iut Mow The stopes have about the sume width as 
level 6. The iLvoi-ftgo oro rnutnnicil .^ to 6 i\t the surfiice — Uinti.s, not more thitn 20 feet— 
pel- cent of lend jijk) 8 to 10(1 (or nnn'cO omvccs and ihoyjimy I>econtiriuousforsove.raihundred 
of silver iind :?1 to S'2 in gold to thi* Uni, feet. 

There ^v{Ls very lit-tk limonitc mul .scart-oly Qu tlio Kuivbi Hill mid Gem clianuels iin 
a trace of copper oxtiept ne:iJ- the bottom )»f i (,^■^. h.-is bi^eu fiUi^ici iibttvt iercl 3, but on Ipvpls 
the stojie. In pbircH Uie ore r;ont!imed liu-j^o- 3, 4, find 5 n stron-t,^ lino of stope^ begin nn tho 
plates r)f biirite. Gum ehaiir-el einitiiiued ir.to JOuivkji HiU 

Near the sliuft there are. corapriniti\'eiy Urrouiid froDi tut' Cnroline stopes of thi* iittUiou 
few oTc bodioH, but towiird the south end line Unck. Thf siw^illo*! Silver Geui stt)pes hiiir'm 
fi-om n point sibout MOO feefc ^oulU of the ssh.'ift ' n lilUo above level 4 and. exteiuiins N. 10" W., 
the several ehanuols, here trendinjj N. 10° \\ . bceomo very pmniiueiit on level 0, in whie.h 
aad roiiiu^cted by mony csist-northeastcrly tliev extend in ;dmus(. straight line for SOO 
ci'osa lirci!ih>i, bor<nne very req-idar and pro- feet to tlie reiitomiird line; they are 10 to 30 

feet wide nnd near the ^;out-Ii cud line ennneet 
on two cross frnntm-es with the Eureki\ llill 
channel. 'Jliese stopcs do not roach level 7. 

On lev<?ti 7 and S a series of stojjes lying 
hfilfviiy between tlic Xev/ Year's and Gem 
channels beror.ie vory prominent iibnlit 700 
foRt south of the shaft, and n oroevH break s^'Jth 
copper ore neur the soufh end line, comicets 
them ^\'illl the Goni channel on level fi (fig. 
27). These stupes, which are in pliiecs 20 
iect v.nde, contain inainly copper oits. In 
.^ome of the stoi>es (talonii is associated with 
onargitp. and oxidized fopix»r ore. Sonic slDpes 
(if euppcr ore chancre alone: ihe .striku to h-ud 
ore: elsewhere lead ores und copper ores may 
be found side by side hi t-ho same stope. 
Uoth iirc primary ores and apparently were 
tlepositcd at the sum^- time. 

Tho largest of i.het.c eopper stoped is 150 
by 30 foot in horizontiil section, ft contains 
aix caiTyin^: 2 per rent of copper and 10 to 
20 ounces of Bih'er and 0.25 ounce itf gold lo 
Iho ton. South of the Ijoundnry line all threo 
■' chanuels" continue into C'cutciiniul j^i'ound. 
Ti/pif of winti-uluaiion, — The Eureka YWW 
j-iiiiie bus produced chiefly oxidized lead ores 
Avith some galena. It contaiite. hou'evcr, 
rspociidly in the. southern part., toward Ibe 
Centemiial Kurckn, minor shoots of copper 
ore, «'ith which baritc \n asso<aMted. The 
Jiast oi Liie i>e« jT\^. ''^'Ti^' '', " .J nrincinul ndnertiiization found expression in 
i«..rl ^r^ I^-iR bcfiu mined m the Konnms t.unnei (» .„' - i . .- • i- i . * i <■ j- 
lead ore i^.xb uceu m^ \V,.p-fl miJic fication, but tins did not extend far from 

ne^r the surface. Otberw.sc the Ne^ Ws Ui ^^ ^^^^ ^^^^ ^^^^^ ^^ 

channel i. the most e..st*rly Lnve of ojo^od.es, th ^^^^^^ ^^^ ^^^ ^^^^^^^ ^^^^ ^^^.^ li„,,«tonc, aud 




FiGiUt8»\— Spclion tx-tw-pm Kiirpta ni« uEd IliJUio^ HwM v^\■iUi■, 
sliow-ing stiver Gem tmd Euiofca ofv tc-U.-s Joining, (A»<r Towtr 

ductive on ail levels above No. 9. Tlicsft 
several bodies occupy a width from east to 
west of flbout 300 feet. 

Kast of the New Year's chnmiel a htfrle 




proved productive, 
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^\^U^ Ji Uule hiirite and giilona. This qiifirlz 
is line j^rained or cherty, and murii of it i^i 
darlc ^ray. Irrosukr ctiviticd rontiiin wiiito 
quuHz, find <lruscs of ntinuto qunrtz crystals 
nmy be Hccn in llusf cjivilies, Iiul. no coiu-so 
quarts. 

Jn miiny t'l' tiio roppnr 
shoofs tliP niirn-TttHza.inn 
spread iiwuy from the iitain 
hu<ly, l)Uf. Ihia wiis proba- 
bly fjiii^fd by (ho groiili'i- 
mobility f>( t-br- coppor 
BuUs. In tliosamci shoots 
tht^rr in soii'.o liiiinnllc 
and black ntanjrn/irsc dit, 
nnd in some of ihom iilso 
uiioxidiwul enar^idi. 

Tho coiU'.hiHion ca:i not 
bo uviiidnd ihaf in this 
mirip tluTc an* two Uiuds 
of pritmu'v oi'i', Tbc prc- 
tl o IK i n iL u L si'.vor-bwinii}; 
lypc fonsisls ot" qniirl'/., 
icnlrnii, pyritfi, mid zinc 
bI(Mido; the stiboidiiiLLtx) 
l.y]H' nirrics qtiitrt?., bafite, 
nnil ciiiii'^U'. 

'nirtnv, — 'l*bc ore bodies 
nro riii-jiKxi by tbc ri'pl.'iic- 
incnt of limestone or dolu- 
jiiilr by grny or !>luisb 
j iispcroid , conininiu^ 
hnri{<», <2;nlonii, and ii lit tin 
zi no hlcr.do ii ni I p3Ti t c , 
ni!)rc rarely ciinrjiito. TIio 
sibeificiil,ion cx(cndc<I in 
must pluci'M n sliort dis- 
(atUT bt'ytmd the. on\. but ifiK 
lliorc iiru no laij^e nuisaos 
of jivsperoid onlsido of 
the ow bodio^i. JCuiucr- 
ous fiivilics looiiinj:( i\r^ if 
CHUscul by corrosion o( 
lliii juspcroid art; filled !)y 
while orgray ipmrlzw liosn 
surliires sbowsnuiUdi'usiy. 



Tlicro is not- much z.inc in tbc ore. and the 
rcsidniil ^alcnii from thu deeper levels contains 
but little sphalerite. All the ore bodius aro 
more or \qsa ronipJetely oxitlizcd, n-s tiio water 
level hiis not been readied in the shaft.. Copper 
iirsonatcii, ccrnrgyi-ito, eorusito, n.nd nnplesite 
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and wbieli is nl:so as.sociatod Willi galena. 
Tlie ceutrsd piirla of the largo sli<K>t« aro uaii- 
iilly ricli in silica ond barire, but galena is 
more abundant idoz\g (.bo margins, whore 
copper ores nniy also occur. Gold and coptHM- 
aro found in the southern pari of the workuigs. 



oeenr in nbundancc. Isolated (miciutodocs of 
leadhillite, pyromorpliito, and niimotite have 
beou oIj.serve(.l. 

The lead ores aro of basic or sLIie.oona tir'pes, 
and tlioir composition is illustrated by coloinns 
1 nnd 2 in tiu^ I'oliowirig table, which also 
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gives ill colriinn :S r.omposilioit of si rich lot 
of oxidized coppor ore: 

Coinpn.sit/(,it n/ orfu frf J-'uri ill J/lli mirw. 




12 


013 

'JO 
70 
77 
50 

.^o 

70 


0.037 

21 Ah 
5.15 


0.012 

1.67 




27. 1(1 


17 

20 


2. J^O , 

75. 20 

\ 


7. :w 

IS. W) 



Goltl. . .oimrf^apertoii.. 

yilver do . , . 

heix'i per ceiii.. . 

Copper- tin . 

Inin . . . (!o 

iSpt,'i-'^s;iir6iMiuiff)-do. . . . 
lut^okii'lL- do 



1. At f-nstprly criif^ hrt-nkK on 5DO-fooHe\'el, 
a. Near frtiiMoii 70 ciii 500-f^^o^ leveJ. 
3. 1.000-ioot IgvoI. 

MTNTES OF CENTENKIAL EIIitEKA MINING CO. 

Lomtmn. and dnwlopmf.nt .--The property of 
tho Centcniiial Eureka MJnijin: Co., coiU.n)lleU 
by the. United SUtes Smoltijij;; & Kc^fijiing Co., 
coiii|)n!?es a uumbor of txinsoliduttul elaijns iij(- 
gregating 230 fte-res on tho sUiep slopes of ttui 
ridgo nbout a milo southwest of tho town of 
Km-i^kfl. Th© sh,nft; is iiboufc 600 foet above 
Eurokn Ci-eek, on the north slo]>o of Lho ridge, 
Tho ^vo^kings extend south uiidonienth the 
aarrcw backbono of the ridgo luid connect in 
tliis direction with tho Opex ndiio and i:i the 
deepest levels with the Gmiid Centrul inino. 
Toward th*i nortb tho property is bordered by 
tho JUoj-eka Hill gi-oiind, and conjieotions wath 
Ibis iniuo are established in tho levels of middle 
dopth- 

Thc altitudes of the shaft collars on tho 
several properties already inentioiiod are ns 
follows; 

Gemini 6,-167 

Eureka IJill 6, '17*) 

Cniteiinial Eurckii 0,887 

Oije.-: (i,!)OI 

Gr;iud L'culnil 7,149 

Ik'voI 30 iij tho Ccnteiuiial Eureka corre- 
sponds approximately to level 7 in the Eurekit 
Hill. Level 18 in tho Centennial Eureka lit« 
tibout. 40 fent below level 22 in the Grand Cen- 
trul and tho 2,00a-fooblovelin the Opex. 

Tho dovelopmonts comprise at least 20 miles 
of ch'if ts, raises, and shafts and extend mainly 
over a zono 400 to 800 feet wide for 2,400 feet 
sfouth-southeast of lho shnft imd 400 feet north 

of it. 

Tho doposii is opened by n verticfil shaft 
havini^ a total dopth of 2,2S1 feet, penetriitiujj: 



to an altitude of 4,606 feet. Twenty levels tire 
turned, Xo. 20 having iia altitude of 4,671 feet 
iuid iMo. IS an altitude of 4,S>G0 feet. A tmuiol 
2,207 feet long from Euri'ka GuieU int^'i-seefs tho 
shjjft at a depth of .325 feet, ur at an altitude of 
6,;^ 62 feet. 

Prodiid ioji. —Tlu\ mine was first opened in 
1876 but Ikis beoii muro a^'tively worked sinco 
18S6. It h:is beou t,ho most produefivo pro])- 
yrty in the distriet and is distinguished by iuige 
tiad continuous o:o hndJes rather than i>y high- 
grade oro. The pruieipal metals prothau'd ure 
gold, silver, and copper, tind tho vr.luo of the 
I fotfd output is about evenly divided ImHwch^h 
j tho tlii'ei> n;etals. The proiluc^titm of lead is 
suudl, and lluii-o is Jio zinc yie.Ui. Tho total 
v;;luo of the produetiofi hay n(C been niiulo 
pul>he, Init the dividends piud by th(! [ireseJi'. 
company up {a* April I, 19M, aim>uiit to 
?4,O5O,00O, The tol;d productio:: e-ertuinly 
exceeds S2:).000,000. During the K) yeiirs from 
1905 to 1014 the aiuiual ore prnduetion hits 
avenif^ed nlioiit 100,000 Ions, but sin(U^ LOlli it 
Has doclitied to ajout 60,000 tons. Tiui gross 
value of the oro was for a long tinio about $'S\) a 
ton, but this ulso I'.iis been roduci-d in tho lust 
fwo yeara, 

]VcUcr. — ^Tlie original wuU'r level stood IS 
feet boIi)W levol 18, or at an altitude of 4,Sol 
ft^et, 2,036 feet below tho coll.-r. On level 20, 
which does not extend far from tho shaft, a 
strong flow of water was met on a ei-oss frael ure, 
but tliis How is beliovod to be fed froni tuio of 
the northward-trondbig fraetnres. In 1011 tho 
water whs bulkheudod on los'ol 20, and about 
1,000 gallons a minute whs rais^ul to tunnel 
level. In 1014 pumpbig had been diseoutinued, 
and the v/uter level stood 75 feet liclow level 
IS. The quidity of the wiit.*v is discussed on 
pnge 123. A considerable amount of dri[)puig 
^v^^.ter is found on levels 10 ji nd 1 1, iiigU nbovo 
tho pormancut water level. 

Geohgij. — The geologic features 4if this Jiiijio 
are corapUcated. The \\orkjngs nre m general 
ill limestone or dolomite strikhig N. o°~li)° W. 
(Hid dipphig 70°-80° E., us sbow^l, fnr iiwtaneo, 
200 feet south of the shaft on level 10 or 800 
foot south of the shnft on level 1 1. 

From level 16 to level 18 soalb (hslurbanc^s 
arc noted in the dip. About 500 feet, south of 
the shaft oji level IS.tho bedding liecoinos con- 
fused and is in places flat or horizontal; this 
was espeeiaUy JioLed under the South Dakota 
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stopo, which is tho southernmost stopo in the 
nijiio. Siiiiihir Uat dips am found in corrc- 
Mpondiiiy tjficp Icvcb in tmi Gnuui Contral unti 
Opcx mines, 

Thu fiiriimtiojis in wlnc;h tho, ore is pontiiinod 
aro thi> Odij Ciinyoii and Op'^x dnloniiii's nnd 
tin- Ajiix liincsfond, but iji (hi' iivaii availnbli'^ 
it did rn)i. prnvo pti-i-^ihlir Ut (Listiji<^iush these 
foriiiHtioiti in ihc iniiin U'orkinji:^. 

On tin* HurriKT. jurtt south of tho Ci-ntonninl 
shaft thr.ri' is »i groal northr.isti^rly fnult along 
which tltrflodlhnm block h:iy heon movod ahtnil 
200 fctit to tln^ noiihf^nst. No oviflrncf of this 
fault hna IrfTii notml in the wurkhif^s, Uwxjrc 
hnt^hcs iippariMitly Uti'ing cntireiy indnpordcnt 
of it. It is UifTt^forc hchoved (o ho tho okhst 
dislociidiou, whicli hn.s ontiroly healed Ue.forn 
tin; (H*ivb(H»rin{j fractures were dovclopod. In 
the northern part nf tlie propi^vty thoro nre four 
northei'ly InictLires wliieh the oro follows, tho 
most wiisloi'ly hoin^ (ho fioni eh;iniiol, hut tht^o 
find pruotirally no e\prea.^ion in the faulting of 
the strata, tliough ono of them — the Now 
Yoar'a fracture -is clearly shown on the 
surfawv 

Two greiit (Sisterly rracturea are very pronii- 
iiont in the mijio and have had an important 
tniliK^nee on tho occuitiukm! of tho ore; thoj- 
are iln^iijniitx'd the fii"st. and second cross breaks. 
Both (!ir> fiM° 8.: one may Ix* identical "l^•^th the 
frrtcture shown on tlie surfjice west of the shaft : 
the other is probably tlio cro^s fniclurn sho^™ 
on the MUi-facc SOO feet southeast of tho shaft. 
A third itiipi>rtant fiatdure is tho ''oast limit," 
u northerly faidt. It i-H vertical between levels 
T) and 10, hut somewhere hetwwn lo\-ols 10 
ii!id 12 il.s coiin^o is interrupt<Ml by tho stKtond 
cross hrouk, south of which it dips e/^^-SO" "W. 
from lovel 10 to Invel IS, its Inwwt exposure. 
TluM fi-aeture is probably identic4il with the one 
simwn on the surfaco 000 feet (vist of the shaft, 
and {\u\ de.velopnients in the deeji levels, is 
doublU'ss identical with the main "parting" 
of th(» Opex inirni. It is certain that some post- 
mineriil movenumt.s ha\'e t-akon place alou<^ tiie 
''oivst limit" nnd planes parallel to it sinco the 
ore was deposited. Probably there hn.'5 also 
been son\(\ movement alonj^ the firat and 
second cross hrenks. 

Pi>7-p/tiirii. — Several ijitrusions of Swansea 
rh\<dite pnrphyiy are obsei'\a>d in the lower 
levels. None have been noted above Jovel 12, 
and none have been cut on level IS. All arc 



'u\ the iiortlierii part of tlio ndno. On(\ woll- 
dofinetl dike 6 to 10 foot wide, troJiding north- 
Cfist, is exposed at sc\'oral places on Icvcds 12 
to Hi and is evidi^ntly cx)nne.ctwl wilh a similar 
body in Ihe Opex luinti. Another diko .^7 feet 
wide is cut on level 16 farther southeast, iu 
the crosscut connecting wil,h tho Grand Centrnl 
mine, and also probably connects with a similar 
body iii the Opox lower N\'orkini;a. A Hat l)ody 
oi' ix>rphyry 12 feet thi<;k hiis been exposed l.iy 
four rai.ses from tlio most southerly workings 
on lovid IS, and (his may possibly connect v,-ith 
tho <Iikes menlionod lo form a cnp-shuped rna^s 
und«>.rl_>nni^ the deepest oro body, 

Noi'lJieni oir. bodies. — Tho ocoi)rrenc(i of tho 
complex tiiid cjiormons ore bodies of the CVii-. 
toiinial Eureka mino is cJiiefly relatcil u^ north- 
erly and oastorlj' fractures. Bcgiiuiiiig ii-oiu 
tho north the ore bodio-s follow the northerly 
fractures, which aro donunant in the Eureka 
Hill, Bullion Beck, and Gemini luines ond 
which in many places, l)ul not evorywhero, fol- 
low tho stratification plani^a. 

There are five of these northorly fracture 
luics — bcgiiming from the west, the Gem, the 
ICurelca Ilill, the Kow Year's, tho Big Platform, 
and the Never Sweat and "east limit." Tho 
fii-st three contumo from Eureka Hill gi'oujul 
and lio within a space of :J00 feet from east to 
west; the last two make their appearance east 
or southejist of tho shaft, 

Tho Now Year's channel begins at tho shaft 
aJid eonlinues north with conspicuous surfaco 
outcrops and opon worlcings down to the Eu- 
reka Hill shaft. (See p. 103.) Tlie stopes aro 
at the n»ost 15 feet wid(i and show westward 
offsets tt>wnrd tho north. Thoy oonthmo down 
to level 10 or level II. 

The Eureka Hill channel lies iihout 100 fnet 
farther wost and contains a serioJi of copjx^r 
slopes as much as ;iO loet wide on levels 8 to 10, 
comiccted iu places by oro on cross breaks with 
tho Gom chi^ttncl, wliich is 150 fcot to tho wost. 

Tho Gem chamicl is continuous from tho 
Geniini nijno and forms a system of lenticular 
oro bodies that strike a trifle west of nortii and 
ai-o productive to a pouit 300 feet south of tho 
latitude of the shaft. A lony crossctil, to tho 
Golden Ray and West Mammoth ground west 
on level 6 has apparently intersected tho 
Gem fmcturos but found no ore. The Geni 
channel is a fracture zone that is m places .100 
feet wide. Tho oro bodies, which carry both 
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copper mill lend with silvor and soiuo gold^ r tlirougli tho Xorth J)akota slopes, Jibout vor- 
extyndotl from lonil to h:vv.\ II, bui sti-iogtii-s [ ticnlly bnlow the, saddlr; ui tho ritlgo so;jth of 
werefoilowiitldown lo lovol 12. Tlieurc, there- the shaft, wlioro its oastwurd cxtciitaion is lim- 
fore, exU'iifis n littlo dcopor here thnii in tho itnd hy iho jiorlJu'rly fracture cnllt^d (ho " eusfc 
Euii'ka IJiil nunc. " " " . ■ - . 



Calijorm/i column. — Tho j^reat ore shoots of 
(.ho southeni part, of tho laiiu' (i'v^. SO) nre duo 
lai'guly to oastorly tjroas brouks. Tho nortlif rJi- 



lir.tit.'' In tho luost souLlicrly workiiiijs, in ihii 
South Djilcotu slopes, th.o oro roaches thn soc- 
t>nd ei'nss bri'.dc ,-uui cniitimios iioi'o?fs it. Tlio 
Jlultt'JiJiig iu doplii ie caused by the local Hal 
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nost g^i'Ortt shoot, which may ^ called the 
i^Hhforiiia coliiiuii, na it contuijia tho ddifoniin 
(ope, connects with the G*m slopes on level 
S fljid thou follows the first greut ensteriy cross 
ire.ik dowmviird, though not on its dip of 68° 
(ut pitching «bout 45° southeast to the Kan- 
lis sUipo.s on lovel 14. From this point the oro 
L>aves ih^ fii"^t cross break, flatti^ns, (lud nuia 
uoro iieiirly Moiitliward on levels 16 nnd 17 



dips of the stnit-Ji, best sliowii on lnvel 18, mid 

npparcnUy ulso by (lut intrusions tif porphyiy. 
Oil tXx'i uholo this body fonnsji sou t,Ii\vt.:il\vnrd- 
pktclxijig pipe having a greatest diameter of 12.j 
feet; in dopth, where the ore flaaens, ih.o width 
ia somewhat less, reuching a mini mum of 2o 
fcPt. ■ 

The fii'st cross broak is a verj' rcrrnlur frnc- 
Liirc I rm'.cubh^ iVoJU level 6 to levtl 14 with a dip 
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of GS'^; tho walls are smooth and in placets 
slickiiiirfitlcJ; the striaLions uro perpeniJic;u- 
lar to llip. Hirike. ^Unnj; tho cross breiik the 
footWijlJ is luftully aohd linio-^tinio i»n wbicli the 
ore rcf^ta dii(M.'.(,ly, Imt d-rwhei-K the ore may 
break through tlic wall. 

Ill s<'\'eral phiccs ll:c t-ast sido of Mic ore Is 
iimittid by a iinrthi'rly fraotun' UiaL bclonj;::? (o 
iisvstomofsiH-.li mhior breaks wtVHt of liic "cast 
limit," butin phn-fs tluiorc extpiids t'u.^('"t' thiy 
lii^iuri'-. Four niisfs from lovel IS, under the 
South Dakota stopcs on lovol 17, Imvo found 
oluycy ptn'phyry JO to GO foot nhcivi! the Irvfl. 
AhnvD tho porphyry I'cMs greatly disturhod 
llmrstono willi lar^c boulders, bi'cceiii, and open 
pliuTS. Thnre is some reason to believe thai 
the ]Jor:>hyry iliico sliown fin levels 12 to 16 nmy 
<;onnor.t by u tint. lx>dy of iiitrtisivo rock under 
the SouUi D.ikola -slope with llie thiekor dike 
shown on level 16 in the crosscut soutlieast 
liiwjird tiic Grnnd Central houjidary line. 

On- coiuiirn.s of (Iw. '^eaM Jj'/roV. "— Just as tile 
t'alihu'nin column is related txi the first cmss 
hreuk, yo is the other pTat ilivisioa of the ore 
b(nhes rclided to tl:e second croy¥ break; it is 
more speoilieiilly dependi'ut iipor. the intersec- 
tion of tliis seeond cross break with tlie north- 
erly fracture called llie "oast liniit." The pitch 
of the ore coincides rou<2;ldy with the dip of the 
second cro{>s hrrMik, wiiichis 70" S. 

In the yamo way as the northerly Goni chan- 
nel leads int/t tho Cidiloniia column, two north- 
erly fractures scmtlieast of the shaft lead into 
the second crosy brciik.' iVloiig one of these 
fractures are the t^o-called Bigj Platform ore 
bodies, which liegin 300 feet east of the shrtft 
on level A jind continue, at lh-«t narrow, for 
.scvenil hundred feet until they widen to 70 or 
SO feet in the Michi*;iin nod Montumv stopc; 
likewise between levels 2 and 3- On the south 
side of the Xronfana stopes ilio second eroH.s 
brciik, dipping 70" S.. is encountered and the 
niirrow orciH contunied on this plane eastward 
into Lho OrcL^on and Mahic stopes, which arc 
in ]ilace.s 100 feet wide. 

About BOO feel east of tho Big Platform lino 
tho Nover Sweat eiiannel bogLns in the rela- 
tirely nuri-ow Rhode Island and New Hamp- 
rfhiro northerly stxipes on levels o and 6. Ju 
tho Xbilne stopei< on level 5 the ore bodies bcj^hi 

'Ttic^nLill lUi,nn]ln!;n>iii^-iitup'< jitU (i-nlhcif th" fhart vti Invpiait-^Ln 
ni|tiHMecl liy Tii*tTSiml Smjlti \-< l-' liwUciJ TiO> [wt iicirUuut;'. la ihr 
Bis rialfarw ,Mnpi<. T:<b vmw b prut^hly noL tufTOirl: iL-oni is iiu 
ftX-lilniC* <o SllpIr.TL It, 



to foci tho inUuenee of ihe second cross bi-eak 
and to go down on its MUithward dip. 

From the Oregon and Maine slopes on levels 
4 and a cohmiri of stopes, gradually narrowing, 
descends steeply through t,he Pennsylvania 
atopes to the Missouri stupes on level 12 with- 
out following any of the fructiu'cs mentioned. 

The strongest column, however, descenils 
along tho in(eTsectif>u of tho second cross 
break and liie "east limit," through the Utah, 
jVcw (Icr-^ey, MinncEsota, Virgiuiii, und 8oiith 
Carohna stopes, the. last on level 14, from w'iiich 
a connection is being establisl^ed with the 
South Dakoli) dat stopo on level 17. The 
Sout.li Daiiota thus forms ihe convorging^ 
point for two great ore colmnns of the mine. 
At tlie some time the ore begins to sprcatl 
Inlerally, becomes more or lr-35 independent, of 
file second cross break, and crosses east of the 
"cast limit." This great pipe or colmnn is at 
many places 100 teet in diameter; in some 
places its greatest extension is along the 
"cast liuiit," in othei^s idong Ihe second cross 
break. 

In the Soutii Oarnlina stope-s several north- 
Wurd-tronding walls were oI)servod on whicli 
the ore was siickensidcd, showing some post- 
mineral movement. 

Relation of arc to 'porphynj. — Tlie dikes aiiJ 
irreg-.jlar JIat messes of Swansea rbyoUte in tho 
southern part of !.hc niine from level 12 to 
level 17 are greatly altered hy the introduc- 
tion of caioite, sericite, and pyrifxs and con- 
tain a little silver and a trace of gold. On 
level 12 in the Virginia stope a dike 12 feet 
wide, (rending N. S'' E. and having sUckensidccl 
i\"aUs, goes right tlu'ough the ore; at one place 
the ore is 14 feet thick on each side of the dike. 
The same rolntion is seen in the South CaroUna 
stopes on levels 14 and io and many other 
]ilaccs. it seems evident that tho ore is later 
than the porphjTy but timt the action of the 
limestone on the oi'c-fonning solutions was so 
iniense as (n prevent any mo being deposited 
in the porphyry, 

Ore ^iipph/. — The production of the Centen- 
nial Eureka mine bus decreased in the lust 
few yea,i-s with the apparent exha.iLstion of the 
great ore columns and the flattening of the 
ore in depth. It would certitiiily bo ris^ky, 
however, to say that the ore is cxhauslod, 
for although no ore was found on level IS 
tlie mine oilers posaibihlies of exploration 
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.■ilong the sovci-;^l northerly fracftire liiUM of Ihc 

UpiKT SiOUlll levels lUul tllso brlow WUUt U'Vi;!. 

Though ore tloes not cxlciul confimiousiy 
to Uio <Jccp w'osl. workings of tlie Gniiul 
Central initie, it. Hcoins probable liuit lUo 
ore solutions tra\'ele(l from (lie iissui-os oi' 
Lliat mine to the flat reijiou :it about level 17 
in tlic Oeuteaiiiu-I laireka and iIumu'O upward 
throu<rh the preseiif- ore eeliiJiii^ into tbe, 
j\e\v Veiir's tiiid CJeni eliamielh. N'o ore lias 
been tbuud south of tho South Dakofn st<ipo 
in the (.lircetioii of the Opex, property nor in 
the extensive :ind deep expiov«tion iii tlie Opex. 

T/tr o/(-,v.— The bulk of the Centennial 
Eureka ore eontaiiis eopper, sUver, iiiul gold, 
iind the prinmry ore minerals coMsi.sL uf baritc, 
quartz, mikI enargite, wiih some pjTite imd u 
little ehftlcopyi'ite. Galena oceui's in plaees in 
tho eopper ores, and some shoots eontFjiiini;; 
muoli galeuit with cnargite luivo been found in 
the iiorthoi'n part of (ho property, towiird the 
Eureka Jlill ground. 

The tt\ora^e i>ri> lias a gross value of about 
825 or S3{) a ton, but cc^rtidn ports of tho ore 
bodies are rich in silver and olbei-s are rieh in 
gohl. Niitive silver is reported to have been 
fount! oil the upper leveb — for insUiiice, in the 
Great Platform stope between levels "2 and 
3 — iitul it is said to oce-ur on tho ICureka Hill 
chanjiel, down to level 9. The main ore shoot-s 
appear to contain barite in quantities increas- 
inir with tho depth, and in levels 14 to 17 in 
the XarLsaa and Dakota stopes it oeeui*s in 
large musses of platy crystals. The jasperoid 
or silicified limestone does cot exteud far from 
the ore; in this renpcot the ore bodies differ 
from some of those in the. lead mines. In 
many places, indeed, the unaltered limestone 
directly adjoins the ore, and hore and thcTC 
rounded masses of limestone arc included in 
the oxidized ore. Tlie copper is largely car- 
ried in the copper ai^senates, but there are 
also minor quantities of azurit«, nialachito, 
uativo copper, and cuprite. The richest 
copper ore is yaid to begin belosv level 7. 

Some e-nargite occurs in all the U^vcls where 
coiJpcr ores ai-c mined, but it is suid that little 
w^as found above level 10- Tho scant oinounts 
of gttlona m the copper ores wcro found mainly 
at ibe points or along tho mr.i^ins ("cfisings") 
of tho stopes. No zinc blende was observed, 
though it probably occurs intergrowai with 



gnlemi in the Iea<l ores. The fresli pyrites is 
poor; it is said to contain only O.I ounce of 
gold and 2 to 8 ounces of sdvcr to tlie ton. Tho 
overage ore conlains about 6S to 70 per cent of 
"msolubk^'' nirtlter- -that is, quartv. and barite. 

The porpb>T5^ usually contains clisscmimitcd 
pyrifc with much scricite and culeito, Imt this 
malerinl is iH\ariabIy j>oor, even tliut imme- 
1 riialely iidjoinin^f rich ores. Tho oirirei*s of (lie 
niincstatc tliat. it rarely contains overt). 5 ounce 
of silver and a Iraeo ot g(tld to the ton, 

Tho ore in the Gcin cbannel nciw tlie 1^'ureka 
IliU lino between k'vel? 6 and 12 eonlained gold, 
silver, lead, antl (:ol>pcr. Tho bodies are in-ac- 
tically cxliausled, and little eoukl be seen of 
them in tho old sfojjes. Tower and Smith .-;ay 
that lead and eopper oecurrc<l in these ores in 
the ratio of L:l. The ore was only xiariiy (txi- 
dized l)Ut contained in places tOO oiuiecs of sil- 
ver and 1 omic^i of goM to the ton. A sjX'CLinen 
from level 1 1, 100 feet s(mth of the Rnrelca Uill 
lino, contained both eiiargite and chalco]>>".-ite 
with their |>ro(iucts of oxidation. The ore of 
the Oem ehimnel contains nn)re silver ani"! lead 
but less gold antl eojioer (ban the otiier ore in 
the mir,c. Some baritc is present, ancl a lather 
wide zone of jtisperoid surrountls tlni ore. 

The ore .in the Nirw Year's cbunnol, wJiieh 
erops out from the Centcmiinl shaft nearly to 
tho Eureka Hill shaft , shows a veiJi of jasperoid 
15 to 20 feet wide in which are streaks and 
masses of limonito. malachite, and a/.urite, 
with a httle galena ami oxidi/.ed lead ores. 
This ore bo<ly contained mainly load ores in 
Eureka. Plill. but copper ores predomiinitt^ up 
toward tho Centennial mine. The New Year's 
cliauiH^l did not carry ore in the Iwwor levels, 
and uoTiQ of thesn channnLs are productive be- 
yond the great easterly cross break. 

The Gem chaimel on tho south loads into tho 
6rst great ore cohunn along the cross break, 
and here the lend ores sink into iiisigniiieance. 

The ore in the California stapes botweou 
levels 9 and 10 is said to havo a.voragetl 3 per 
cent o: copper, with ?8 to SIO in gold and 15 
ounces of silver to the ton. Similar ore is 
found in tlio other two southward-pitching ore 
columns, beginning from tho Big Platform 
slope on level 3 and the Rhode Island slope on 
level 5. Sonic stupes — for instaiieo,, those on 
level 13 — Avere umisunUy nch in eopper, ear- 
ring libout 10 per cent. 
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iSfinid of t.he heavy sulphide ore in the Soulh 
Oakolaatope Is unusually rit-li in lead, yk^ding 
;iO pur cent; togcllier wilh l.jpor centof copi>or, 
10 pcM' colli of iioii, ii viiryiiif; aiiiuiint of t.itvrr, 
arnl S'l in gol<l l,o liif. liiii. 

Hicli ijohf on s. — A[i\{iiu^}i till I he ore i-arrted 
iX'Ad to ihr, oxlont, of SI to SI') a ton, iibnor- 
niiiUy rich gold rue Is fmiiid at mnny plnet-s — 
for iii.stiiueo, bi'Io;\' lovel Hi in thoDiikota -stopra, 
iMi level II in the KiiH^ins sl-opi-s, on Ir.vr! 9, in 
tlic Dt'liiwaro stopc, an<l on \r\rh 3 and :i. It 
oceurrt, eori3e<|UcnUy, iiL nil depfhs in the nuiie. 
Tlii^ f;;oId ore is finn grtLJiuul, jiray lo ru::?(.y, and 
lii;;hly (.[Uiirtzoae nnti wns fonned hy tlic re- 
pliir.enirnt i>f linic&totK^ The gold npix'um to 
have I>epi» dej^osltcd by secondary piowrsse*. 
(S«'(ip. 176.) Some of Ihirtore fMHilains sevorul 
onnei's of gtdil fo the Ion, and onfl carloiui from 
iho |)i*I)i*'nre Mtopo eonlninc^d 16 ounces Id the 
Uin, reUimins §16,000. 

/^^(■A sihiT ortH,—^ In, (.he snnie mauiior uii- 
usuiiUy rich silver t)ros uro found at somu 
pliicos. In phiee-> llifti.i; five due to ii c^neen- 
ti'ii-lioii of sdvor eldoiido, but in the deeper 
levels, where thera \a more onarguo, tlie 
nhnormal cont<int in silvor seems to sliiiid in 
connection with the dflvolopmon'- of chaicocile 
and covnilito, and rich secondary silver sulpbide 
or sulpliai>ienide.s worn probably foimed. Such. 
ore fnuii the South Dakota stope yielded n.s 
niucli US 1,500 oimcas of silver to the ton; a 
roeoi'd ciU'lnail from the Mic-lugan stopo in the 
Eun^ku Hill oi' Now Year's channel on level :i 
yielded S;-i3,3S0 net, mostly in silver. 

Some of tlie high-ixi-ado luippor-stoined barite 
in tlie. lowest, part of I ho niino ia rich in silver, 
containing uhout 80 ounces of tfilver and 0.5 
Ouuc(* of gold to tlio ton. 

DE\'EI,OPMENT WEST AND SOUTH OF THE 
GEMINI ORE ZONE. 

Tho West Ctihlo shaft, according to Tower 

and Smitli, ia 500 feet deep and is at the moulh 
of C\)lo (^niyon, wost of Kxu'ckii. 

The Uorkinier shaft, 500 foul, deep, is on tho 
aoutliwiftst slope of Kiuvka Peak, north of 
Manmtoth. Thoro is an outcrop of jaaperoid, 
o\'idently along u northerly ftaeture, just north 
of tlie llerkunor shaft . Tlio Souttiem Kiu-oUa 
shaft, just east of tlie llerkuner, is also 500 feat 
deep. Tlie Ariuundalo shaft, in the sarao 
viciiiity, is 200 foot deep. The Tonncssoo 
Kebol shaft, on tho lower slopes of Eureka Peak 



northwest of Maxmolh. is 500 feet deep. 
Some (Tosscutting has l.>een done from most of 
tiiese shafts, hut no ore bodiiis have been found. 
I'Vacturcs trcinhng nniirjy north or N. IS^-iiO" 
E. are common, and sUicifn-alion has 'neon 
o!>served along snme of Ihein. 

EMEHALD PROPEHTY. 

The Emerald mine, owiiod hy the Rmerald 
Mining Co.; i:^ noilhwest of Mmninoth, near tlie 
oi'.d of t,he south spur of Eureka Peak. No 
ore bodti^ of c.onmaercial imporlaneolnive boon 
foui-Ld here ■7»\\\^ p^>^;sil>ly an undeveloped dti- 
poslt of soft rod iron m-o. A little isolalei.1 
bunch of oxidized cop|>er minerals has ulso 
boon found. ^ Tlio underground workings con- 
sist of a l,aOO-fool shaft (nhitucle of collar 
e.S.iO foot),. A winze from tho l.OOO-fool- lo the 
1. 100-foot level, willi iLcce-^sible drifts ::nd 
crosscuts on the 400, 500, 600, 700, 1,000, and 
1,100 foot levels. A 1,000-foot level hius been 
i-un from tlie 2,no0-foot lovol of the Opc.x 
sha/t. 

Tlio workings lio in Upper Cambriim and 
Ordovician strata (including tho Opex dolo- 
mite and tho Ajax limeatone). Tho beds are 
shghtly overturned at tho surface, with a 
N. 10'' E. strike and a 75*^ W. dip, and maintain 
lliia nititudo as faj' dowTi ixs tho 500-foot level, 
holow which llioy cuj-vo to a northwesterly 
striko and moilerato to steep northeasterly dip. 

Faidting is very pronounced. Tlio EmoraUl- 
Grnnd Central fault crojxs out just easti of tho 
shaft house, crosses tho shaft at the tOO-foot 
level, and has been cut on the 400, 500, and 
000 foot levels. Its underground com-se is 
undidating, fno strike ranging from N. 20** E. 
lo N. 45° E., and tho dip from 50° to 70'^ NW. 
lis walls, where oApoaed, are highly slickon- 
■*idpd. ami its com-se i> marked l>y much broccia- 
tion and a little niinoraliziition. I'.s horizontal 
displacement cnn not be cxjLctly dotomiined 
but is ovor 300 feet; tho southeast wall has 
nn)ved relatively nort.hoastward. A second 
nortlu^aaterly fu-Jt is exposed on Uio 400-foot. 
Icvol, whore it dii>s ■12'' NW., but evidently it 
joins with the fn-st before reaching the 500-foot 
level. At gi-oater depth, west of the Emerald 
shiift, tho Emerald-Cvaiul Central fault may 
join the southern part of tho main fault, or 

t Tbpw j-rnn afUr Lb» ■-rllor'i vfM( It VMf-ipartrtl llita ^ Wtof ka-J. 
BllvM Mw iviJ U»Q uj»r;^ on Uir 7ii>-rist irvtl (Sim. and Si'i- Trwi, 
0.-t, 31, I<ti-i. p. 7tis>, but nonliipniinUi of ont from this mine bnva 
l:-ui'ii ntpurlod. 
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Efv^Uu-ly faults, rimstly \\"i'li scut-hoi-ly tlips 
H7id \vi:li bonz.nil.:il ofl'siM^ tu iis mneh as 40 
I'ool, nro nitlior uiimoronN, and n iV.w of t\u-\in 
Ctin-y i\ littlo \'nin maltdr. Tlte tunouut of 
offset is pi'ovcd by tlif |>osili<ins nf (hr Emo'.'aKl 
do]<;;nilo moinbiM* of llm Aj:ix lim^^stoiw, 
Noilliorly fissures »vi:. aUo mntifrous, and sompi 
tiro msii'kcd by inloiisc lueiH'iiilioii innl more 
or IrAr* veri ra.illor, but ihn amoinil. tiiul 
Jinu'tioii of faulting olong tiioin lim-o not been 
prov.ul. Tlio ('iistiu-ly I'nulls fail (o ero^ eitbo:- 
tho iiorthctt-Io-rly or (ho iiiirlhm-ly fi^^^ums. 

TIki mincnilixution coMsistcii for the mc>st 
yiart in ibo forrnatiun of i-nU-ito veiits iiml 
pfX'.kcts accom()iinicd by viiryiiig amomits of 
iimoiiif* and psUomelaiic oi' wml, but tlirre 
niso occurs « i-ousidcnibk' iimoi.tit oi soft rrd 
hematite, some sdicified limcsLmio, imd small 
mnomits of coppcn* iiud Iciid minerals, which 
ill SOI no assiiys have shouii (.be pre^^eticc of 
nrspiiio and antimony. The great^c-'^t dovolop- 
ment of cabitc is on the 500-foot level, wliere 
a zoi\o rifi much us 1 50 feet wide i'.ns been tnioed 
300 feet nortlnvunl from » jToint 250 foot west 
and 400 fet-t iiortli from the. iimiii shnft. 
Wliere. the caleile ii\ this zone Ihies euvitieN 
it forms lor.g, poiuted crystjils (scnlei-.olio- 
drouft). This zone is said to have been e.Tit 
on the 700-foot level, but tbp workiiig^ wt\pe 
not aeeessible v'.t the time of visit. 

The soft red iron ore lies in or elose by the 
miiin nortbeasferjy fiiult and ha.s been foimd 
nt several poinU on tho 400 and 500 foot 
leveJs. On the 600-foot level ul.so tho nortli- 
■easterly fault carries some iron ore, analyses 
of wbie-h show a little, ai-senie. and a very little 
though, constant amount of eoi>per. 

The only other noteworthy inuicatious of 
minernliixatiorL are n small bmieh of biirite 
reported^ from tlio 700-foot level, a littlo "nnti- 
monial lead" reported from a winze on the 
1,000-foot level, imd some silieified rock tt the 
«ist end of the 1,100-foot level, similar to that 
associated with the. iron ore on the 400-foot 
level . 

OPEX PBOPEBTY. 

Tlie Opex property, now eontroUed by the 
Opcx Mines Co., one of the Kidght properties. 
of Prove, XJlah, is on the next spur west of tho 
Emerald and extends from Munmoth Gidch 
nortb'A'urd to a point within 500 feet of the 
crest of the ml^e. The old shaft was sunk 



near the south eur! of tlic spur^ but the new- 
shaft (altitude of collar 6,961 feet), fi'om which 
cxtensi\'e pi'osTJcr'ting Iius I>ecn condiieted, is 
almut I;500 feet farther north. The new shaft 
is 2.200 feet deep, mid drifts have uocii run 
on the l,;iO0, 1.500, i.700, 1,800, I.S50, 1 .1»25, 
2,000, ii.ud 2.1'J7 foot levels. Tlic bottom of 
tho shaft Inn stnwk icfouikI water, which 
Htiinds at the 2.170-foet level. 

Tiio workin«i>i are nutstly within the Opex 
dolojnito., except the long west drift on tlie 
2.00O-f(M>t level, which, when visited, was 
beinf]^ driven to rea<4i the cjuartzfte ar.d slr;ilo 
fonlJie.t. The strata, jilong litis and atlier 
drifts west of tho shaft as n whole dip irui- 
formly about S0° W., proving tluit the west 
Limb of tlic great smrlino U slightly overturnc*! 
to a depth of at Ier,st '2,000 feet below tlie erest 
of tlie ridgo. Thei'e is eor.siderable irregularity 
of dip iirourul the shaft, due to minor flexures. 
South and enat of tho shaft tho strata a=^sunie a 
southeast to nenrly east strike, with northeast 
or uortii dip, presumably forming part of tliii 
sftme flexure f;mt wits found in tho lower 
workings of the Emerald, ptis-AJbly irulicatiug 
the Jliittening of the beds toward the u.\is of 
tlie main S3aieline. A large eave lined witii 
stulnctit^s imd stalagmit.es bus been exposed 
on tUe 2,000-foot level, n little over 100 feet 
iiortii-northeast of l.lie shaft. 

Tbo lower bvols in a r.orth-souf h '/one through 
tlie shaft have exposed a dike of rhyolito i>or- 
phyry (see p. 49), ftnlted into (wo pai'tSj \vlii<h 
converge south of tbo shaft. The dike is 
tongiK?d-shaped nm] has a steep east orlj- dip and 
a southward pitch. It is highly impregnated 
with pyrite, but the tidjaeent linvstono is not 
ni^ineralized, excei)! for a few niicvo^copic crv>i- 
tals of pjTito imd quartz which coidd be inter- 
preted a.s priramy eoustituents of the rook. 
Another body of rJivoUic porphyry of irregular 
but not fully kncftTi >'hftpe has been eut nl)ont 
300 feet wcdl of the "haft on the 2,000 and 2,147 
foot levels. 

The ffluU, wluch divides the dilio, is known 
in the muK* as ilie "parting." It has been 
followed from tbo i'imft ort the 2,l47-foo( level 
for about 1,560 feet slightly west of south and 
over ^00 feet slightly oast of north, with a 
dip of 6(1^-80" W. Jis coulee for the last l(>0 
feet northward siM'iiigs io/N. 30' E. Its foot- 
\vni\ is mostly in hard diirk. blnish-MTav dolonn'lo 
and is highiy sUckensided; its bangirtg wall as a 
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nilo m liiidly shrLttpnul. Tho Siimc Iinill Umm 
also Imi'ii tut on tho 2,000, l,n2o, 1,700, iiiid 
1,;jOO fool levels iind iniiinlain« ils tondoncy 
lo swing noi'iii\riU'd iind up^\'ll^d to a nortli- 
cmstoiiy coiuisc. It& ^outhnnimortl fxpo-^-uro 
on fhn 2, 1 47-tVH>(, JpvoI is nbont;. dun west of llio 
Kini'T';i]il shaft and in lino v/illi tho dowinvai'd 
pnfjt'-clion of tho main fftulf ii; tho Kmi^iftUl 
worldn*^; its norlliwani puitioii im in line with 
tho "m\hI limif ." w Himnij ll^f-uro of iiurlhward 
troiid tlial. lomis tin-, oast boundary of tlm 
]ai<X(' ore bodii's' in liie Ccultinnial ii^uroka 
niiiio. Tlio horizon' id di^'plnccnu'iil, us sliowii 
hy Iho ililio, in lis much iw .'ir>n ov 400 U>e\ . l\w 
(MtstdiTi wall moving' rclafivoly norlhwani. 
Thc! npwiird disnhiin;m(Mi(, of llio oastcrii wiiU 
iniiy Ijo 200 iVdt or nioro. ThuAvrstcni purl of 
thtv dik(! fonns llin haiij^ing wall of Uir* fmdt. for 
aliuul. 40(1 frM-i, on i\H' 2,H7d'ool Im'ol; tho Oii>L- 
nrn pai'l fonns tho I'ooUvall lor 7J foot wlioro 
t.Iui i;!ull iw oxposc^d on llio 1 .O^.Vfool Icvol. 

Sovoral oasftMly lutiaks jv.'o oxpasod in this 
iniiio, hut fhfi ^oiiorjil iirifomiity of tho rock 
provoiit>i liny ar.<'urato moa-^vn'oniout of dia- 
pliu'omonl along thnm. In one i^laco the "' parU- 
iiig" or inaiti faull is ofTsol, fcjr aliout. 1 foot 
at- its juncition with two oastorly bioa!-LS, that to 
iho wc^t. of llio ''parting" dipping steeply 
noi'th and tlmt to tlio ods( dipping steeply 
stmth.' 

Tho only evid*'uooii of inliiondization a re seal - 
(erod poekot-s of euloito (tryst^dh (scnlrnoho- 
drons) inoro or Ktw eoalo.d with hluck niunga- 
noso siaiiifi along tiio " parting, '' and one Imncli 
of harito, iiho along i ho '' part in;^, " at the south 
end of f iio 2,1 47-1 oot level. Tho ox tensive 
pr(xspoeting operations in tho Opox rnino wore 
imdor taken in tho then reasonablo hope of 
lindiug tho oxtcnHion uf tbo oro bodiess of the 
Coiiteiniiid Ruroku mine. LiUor ilevolopmonta 
hr.\o sliowni, howovor, tlmt the oro hodios of 
tho Cent(niniiil Kureka eorjicct with those of tho 
Grand ContiiJ mine inytcad of continuing duo 
south. 

GOLDEN RAY St ^TIST MAMMOTH PROPBRTY. 

Tho property of llio Golden Ray & Wosrl 
^h'.lnmotll Mining: Co. lios west of the Ci'iitcn- 
nial Eiiroka. Its tnimel entrance is in a north- 
wos(ward-J^loping gulch, about 2,100 feet al- 
most duo west of llio (Vnlonnial EtuTkn siuift. 
Tho worldngh cut all (he Middli' Cambrian shale 
and Uuiestone strata from (ho Ophir formation 



on f-Iio west to the Colo Canyon dolomite tn\ I ho 
etu-it. These strata lie noaily vfi'tieal and ar-e 
traversed by many norllierly and eu-storly ii'i- 
sures. Tho workidgs iiu-lude ;i sonlii and n- 
southcast- di'iit on the tunnel level with sonic 
cros9cut<^, a winze 300 foot doop in the south- 
east drift about M2.'') feet from tho onli'auet^ and 
a short drift on tho 8()n-IooI kwol. 

Tiie. xtuth th'ift lit's wholly in tho Ophir for- 
miitinn of argillaceous limestone and sliale. It 
extends for abfjut 000 foot, and ati its end thoro 
are crosscuts extending for about 600 feet- 
westward and 800 Icot eastward, Tho drift 
foUoivs for a considerable distrtnee a slie.ken- 
sided fissure that strikes N. 10° W. anil dips 
S0° K. to no*=. Thosliekonsidiniggroo'rt^s piudi 
4.j° S. Thc fispiirc is mostly tight-, or lillciJ 
witli elay gouge ('*talc"), hut m u few places \l 
canies lenses of white, quurty. nnd ealcite as 
much as 3 inches in thicknoss, whioh aro said lo 
have a>:sayed SS to tho ton in gold. In thc csusfc 
crosscut about 300 feet east of this fissure is a 
second fissrire that striked north and dips 80^ E. 
This fissure Is hllod with browii and wliitc cal- 
citx.^ in columiiar aggregates resembling onyx 
marbk^ or travertinn and termiiiathig iu long 
pointed crystals (scalcnoiiedrons) aromid pock- 
ets. Tho immediate wall rock is badly shat- 
tered. Atono place then^ is a vertical chiuuiey- 
likc cave 2 to 3 feet in diiunoter wliich extends 
upwprd along the fissure from tho drift. Thc 
oust crosscut has also cxposctl au east.crly lis- 
svu-e dipping SO^-So*^ S., which curries the same 
kind of calcite. This tissure cui'ves sout/hward 
near the northerly fissure and joins it. 

Tho southeast dj'ift, or main tunnel, cuts 
dii'.goriolly aoyotss the strike of tho rock-s, ex- 
posing several open northei'ly to N. 10° W, 
lis.surcs that. dip parallel to the bedding. About; 
650 feet from tho entrance it- exposes the end 
of a small cave on a N, SS"^ W. tissure that dips 
SO'' S. to 90'=. The cava is lined wltli ciUcite 
sealenohcdrous, and one bunch of ore about 10 
inclirs in diameter is said to have been found 
on the hai'.ging w;dl of the cave. The ore 
appeared to contain load with some copper and 
probably some silver, but no assay of it was 
made. No prosptM^ting has yot boon attempted 
bolov this cave. 

jVi-oimd the 300-foot winze is a great in-egu- 
lar muss of wliitc to browii cnlcito 20 foot or 
more ui width, in shaly limestone. The body 
pilches about 70*^-72° SE. It disappears from 
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the wiu/.n nt ii doplh iif 100 fci-t, ainlcit!iort-Iio 
same niiiss or iUH)tlier in linr witli it is said to 
1)1* r.ut on tlic 300-foot lovcl 75 f*»et sont.lioiist 
of tho winze and tu sproiul smitlnfanl niidciist- 
vnril tilonjj; f.ssures in nnirli lirokon rock. Tlu' 
calcitc Ixniy wiu* tlpposik'd in shattered n^rk 
fit. tlio ir.tciscftioii of northerly and ensterly 
fissiiros, fUlinp^ the fmetiires with conh-silmc- 
tiiro veins av.d roplrtcinp: tlie nick frngmeiUs. 
Siiiiiples from the nOO-fuot level aicsoid to have 
assumed 6 to S ouiK'-os of silver to the ton. 

Neiir the end of the southeast drift, iit (he 
<?as( hoiuidarv of the property, n south crosscut 
foJUnvs for a short distaiiee a strong sliclcpr.- 
sided fissure and is approxinintely in 'ine with 
the Gem chunneJ on the 600-fott( levyl of Lhr 
Contenrifil Eureka mine that strikes N. 10° R. 
nnd dip.s 65° E. There ore tv.-o syPlcms of 
sliekonside st-riations, one nearly liorixonlal (ind 
one i)i*ehing st-iM^ply northward. A broad zone 
300 feet- in nuiximnni widtli and lying on hot-h 
sides of the fissure is Ihorougldy shattered and 
filled with coarse brown to white rHlcit<> scale- 
nohodroiis und shows a considerable nmouiit of 
iron and mnngnnese. ptaining. The z<tno pjisscs 
northwiivd, crosi^iiij^ the east, boundnrs' nf the 
property nt a very small nngle. A grnb sample 
from this xono is said to have yielded Si. 92 hi 
gold and '2\ onnct'S of >iilver to the ton. 

DAOMAB PBOPERTY. 

Tlio property of tlie Uagmar Northwest Min- 
ing Co. is on the east slope of Teutonic Eidge, 
w^est of Cole Canyon and north of Eureka 
Gidcli. The workir.gs include a 350-foot shaft 
(altitude of collar 6,S06 feet) with drifts at tho 
200 and .'JoO foot levels; also two short tunnels 
about 600 feet iiortlieast of the shaft. 

The conntry rock is "Middle Cambrian lime- 
stone and dolomite, which strike a little oust 
of north and dip 60°-S0° E. Ilie ground is 
muoh faulted. The lai-geyt faults include one 
of iiortho)\st trend in the southern part of the 
property and one of northwest trend in the 
jiorthcrn part. In the angle between tlic^se arc 
several faults trouding nearly due east. 

Besides these faults there are three or more 
parallel fissures, or fissuj's zones, trending 
north to N. 20' \V. and all showing some 
evidence of mitierfihzation. The weste-rn fis- 
sure zone extends along the ci-est of the 7040- 
foot rido;c and is marked by outcrops of n'on- 
stained breccia, eenicuted in part by dolonutc 



spar but mainly by scidenohednil nalcita. 
The mid^Ue fit^sure extends along the west edge 
»>f the dump rt*«l is cut by the sinift at shallow 
depth. Tt also is iron stained and is ciiaracter- 
i/ed by snniU cavities lined with duUnnilo 
spur and by partly dolomitized walls. Grains 
of "steer' and "cube" galena and possibly of 
YAwr iileridc are lliinly scattered through both 
the dolnniitize(i rock and the spar. In a winze 
on the ;j.~)0-foot level, 80 fwt sc)nthcast of the 
shaft and in the middJe lissure zone, an- ex- 
posed a few sti'iagei's of quart/ acrcimpanieti 
by a little bante. dolondte, atul a lV\v specks 
of <*oppor stain. The, eus'crn (insure zone also 
contains snndl amounts of doloiuilo spar with 
a little galena, Loo.so sandy nuiterisd from 
some of tlie learlieri fractures or stringers in 
tliis zone ia said Ifl have assayed (i ouucos of 
silver anil a trace t>f gold to tlie toa. 

North of the Dagniar property on thi^ oast 
slopoof Jenny Lind Canyon, is a prospect in l.lie 
Ophir rorinntion, from wliich a httle I'opjx'.r lias 
been ("cported. Jn the canynn sitnth-soutlnvcst- 
of the Dagmar considerable woik inis heen dfHic 
in t'rait,ured ground, strongly staincii with 
hydrous iron r.ud mnnganese uxidcs and full 
of secondary cidcito; hut no fragments shovv- 
ing [H'innu'y miiieralii'.ntifm \\ere seen im the 
dump. These two prospects may be further 
evidence of minerulization in the urea west of 
Cole Canyon, but- liere as :n the exposed parts 
of the Dnginnr pixipert^' the t-ountry rock is 
not tlic most favorable to replacoinenL. and the 
imnerali'Aing solutions that reaehcd the level of 
the present surface weiv nf tin' nonsiliceous 
ty]>e an<l evidently weak. 

CHIEF MINE. 

Sit7iii!ion.~'\']\e Chief Coiisolidatetl Mining 
C-o. <nni.^ a large irregular nre-u soulh of ICurcka 
luul eonfrols the underground rights on the 
Rureka town site. The property borders on 
the s(udU ihe Vie.toria and Eagle and Ulue Ball 
claims r.nd on the west the Gemini and Uidgc 
and VuUey ebams. Its development is of 
recent date, practicidly all tlie unih'i-grounil 
work having been done since t'JOO. the <late of 
its inc^irporation. The principal ofliee is at 
Houghten. Mi'-h. The company also owns 
sonuT claims on Godiva Mountain, soulh of the 
MavDay. in general the workings are in north- 
war.l continuatH»ns of the ore zones worked in 
the Victoria and Eagle and Hlue Bell mines. 
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TIu! sliaft is lijilf )i mUo erisf-souUioiLsl. of Hi*- 
Goiniiii j^liaft, souUi of H!i:l iiboiit 170 Uiol 
alxivo tliu conlral port of Ihu town ol Kurelin. 
The. iiltituih; of its colliir is fi. .'>?() fcef. Snutli 
of flio shaft- llu' sl()j)c IiiM'oifiC's st<'Hj)cr ainl suon 
rcttclii-s Llio )il)ru(it (-tiduops i;l' ilio blurpka 
Pcnk )'i<I^T. 

Ih ri^'iliv>>hiK.' The Chii'f vpiliciil sluift is 
! ,SI5 frot iloop iind fmiiuJ j^rmini! ^ .iUm" (it tluU 
(lc]t(.h. It. \f^ sunk in Iiihis arul rhyolito to ii 
ilopth of :il)0 feet,, l-nvrls nrc t.uriu'il TjOO, 700, 
sot), I.OilO, 1,200, i/K)0, 1,600, 1,700, uiid I ,S00 
foot Ik'Iow l,bo i'oiliir, ;;nil flic wi>rkings miv 
below tlio SOO-foot bvL>l. Tiiey (^xlrnd for 
2,000 foot north-uortheiwl, nntl 1 ,;'»00 foot 
sniith-soullu'.rtsL from the shiift. Cmsscuts 
lisivo liooii run oiisl. unci southeast un sovt'rnl 
Icvt^ls, purlir.iilr.rly on t.ho i.lOO-iOot Icvol, 
\vhl(.li hns uxpl<uti(l tlio toiritory fur oust, nf the 
Vict-oriii <>ie 7X1110. 'The dcvolopuionU nggrt'-* 
pate 'i'2,000 feet of (h'ifts niul 4,-iOO feet of 
I'aiscs ami \\ irr/es. 

/Vfx/ar/wi..— i:p to Juno ."10, 1914, 110,027 
toil'* of oro from this niino hnd yinkieil 18,001 
oiuiee>i of" gold, rt,08l,l7o ouneos of silvei-, G,- 
477,S:i7 pounds of lead, iiiid ll'J,027 pounds of 
copper, iiud tl\o rot-nnni from the ore sales were 
Sl,3o4,r)S3. .DividoudsiimounLiu.*; lo S262,S;>H 
hiid been paid. 

Ocoloijij. — ^Tho aurfaco of tJio Chie,f ground is 
occupied by tlio Packard rliyolito iiiid tlie de- 
bris fans from the slopes of tho Kurekit Pouk 
ridgo. The sbiift is sunk to a dc^ptU of 60 fiMit 
iu dL'ltris from fcho ylo[5es to the youth, and thtui 
enters rhyolito, which extends to a depth of 
300 loot. Tho rhy<)bto is more or krss ('-lio^-ey 
au<l deeomposeil, contains fuioly distributed 
pyrito and <-.ldorito, and yiolds a sruali (luaiil'ity 
of sulphate water, oufib to drinlc. Scales of 
gypsuui are soon in niu(;l; of this altered roek. 
So far as known tho pyrite can-ios no ^o\<\ or 
silver. In the luidcrlying' limestone of fcho 
<leeip levels are several bvoeoiatod zones con- 
tainiuj:: moro t)r less rhyolitic nnitorial, especi- 
ally 600 or 7(K1 feet northeast of the shaft. On 
tho SOO-foot level eontacts of rhyolito and litne- 
stone wore obsfvrved . 0\\\s ]>laco seemed to 
ixiprt-sont tho bottoui of tlio rbyolite (low, the 
contact dippinj;!; ;il)" K.; at another place only 
100 f(>ct distant tl'.e rhyolito appeared as a dike 
20 foot wide, with much clayey limestone brec- 
cia aloai^ the walls. Them is a possibility, then, 
that tho flow is in platx's SOD feet thick. A 



diko of purtJy decomposed latile-audcsite por- 
phyry 10 feet wide cuts the Bhiobell dolomilo 
on l.iifi l,600-fot>t level about 1,200 feet N. 
j'/ K. ofdiaGcniij'.i shaft. Its avorago strike 
is ribout. N. TIJ" E. Both the diko aiul the 
dolomitti walls are slickensided. 

AM^lancont thejroologiemap (PI. I, in poekol ) 
wLIi allow thai the ore zones lie in the faultvd 
blocki^ of the ^reat ICui-eka Gulch dislocation, 
\vhi<h have i)eou thrown to the soulliwest by 
lit least four stop faults trcjidiufj iiorlhoast. 
Tlic workiuji's of iho rnino must, he parlly in 
tli(! liluelioU dolomite an<l ]iartly in the Gard- 
ner d<»loiiiit,ie limestone, but it is extremely 
difTicult to distin^.;insh botwecrL these I'ornut- 
tinns in :\\v. miderground wttrkini^s, and the 
tldn ijit.ervcnina' \'ictoria quartzite docs not 
scciui t.o be well developed 'n\ tho Chief ground. 
It wa.s not possible witii tho nioaj^^er opportu- 
nities ofTored by the manai!,er for un<h:-rgronud 
oxamijiation in this mine to investigate the 
stnicturo and trace tho fauUa that <livide tho 
dislocated blocks. The tux> viones apparently 
trend northwaixl independently of the earlier 
faults, thougli the ore may u^ places be de- 
Qcctcd to some extent along these cross cours(^s. 

The projection on the surface would carry 
tlie Vicl'tiria quartxite close to tho Chief shaft, 
and the steep easterly dip would withiiL a short 
distance can-^' tho shaft well ijito tho Blnobeil 
dolomite. Tlie strike of the heavy-bedded 
Imiostono is generally N. lO"* W., rarely ui- 
ereashig to 20*, and the dip is stend'dy to tho 
oast at angles of 70° to 85°. On the 1,600-foot 
level, however, tho beds, especially near iho 
ticiuun lino, have prevailijigly low and iindu- 
lathig dips. 

(}ve bodirs. — ^Tho C^ief shaft is sunlc just 
West of a rectangular pi-ojectioii of Eagk-i and 
Blue Bell ground into tho Chief property, and 
on some levels th(! drift.s lii-st extend north 400 
feet and then east.. A drift on the i, 000-foot 
level ei'osso.d this ground tiud uitoi'sected a 
(isauro with some galena 400 feet soathojist of 
the shaft; thia is clearly tho extension of ono 
of the Blue Bell <no zonos, probably ihe more 
westerly of the two. 

Two principni systems of ore bodies aro 
worked iu the Cliief mine. One cciuteiN about 
700 feet northeast of the shaft and consists of 
two parallel bodies 100 or loO feet apart. The 
second is separated fiom the (irst by about 
1,200 feet of barren ground. It lies roughly 
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1,200 feel souf h-soulhoiu'^l of tbo shai't jind is | Tlunii^'b Jiftlo is known of the- cliai'dctcv of 
continuous wit li tlio deep oro lioilii'^ of (he f^yst- j iheoivs in ?ho soudiurii oru bodioM, it iscprtaiti 
erly or*^ zono of the Eajrl*^ aiu! liliw BiiU, widi | Uuit :hey n'o iiioro or Ic^:^ simUai- to those of 
which connorl ions ituvo Ik'om iniKh- on i\w. Uiyp , ^jio Ea;xio imd Blue liol\ mino. In purl, tlioy nw 



Boll 1.350 und I,:>ot) foot IcveJs. 

Th<^ norlliofn i>rn hotlicf ui-ro tho fust oiios 
discovorccl and iiiTOi'din.ti io the reports of Iho 
com pniiy hnvoliocji worked oji I Iio 1,;jOO, i.-lOO, 
and 1 ,fiOO foot. l*'vol^. Tht^ cu-^loniciii-^t. of i!h>so 
bodies cni'rit'S principidly li-iid ore, is as mucii 
ae 40 foct. wide, luid pitchf?* iiorthwai'd. It hiiy 
been follow(*(l t'oi' at loii^t 500 feel, north from 
lilie Blue Boll [jjiw and lownrd it? north mitl 



heavy Iwid oros, of niixod.Hulpbidc niul car- 
bniiiid-; in ptv" I hoy uro lii^liiy :^Uic*M)UH oivs, 
I'lt'h ill EToIc! iind siivor. To ^'omo ox'onl (his 
condition is rclloftod hi (ho uvom.c:i? asjiiiy 
vij.hics for ;lO,OOti tons of oro niip,ctl in 1012, 
which yielded ().iij,>7 ouiitu' of i^'oid, and 2D..S;5 
ouncra of silvoi' (o iho ton ami l.yO por rent of 
Jr>id. 

Tbo average irross v8,luo of tlic oro was .'5J.).r»o 



merges into lowcr-2:rado qiiartzose roateritit. | ji (on m lOll, 824. 1-> in 1912, and SI6.21J in 
Tlio Civ-ilorly oro zouo in tfiis vicinity continues , lOl.'i. 'ITki cost, of snioiting, Ireighfc, and sainp- 
for 600 fixrt on ono of the Icvl-^L^ and is irt places i liuf^ is olioni ^'.> a ton. 

30 feet wide. i - As (>l<ewb<-ro in Iho district, the primary oro 

TUo sou* horn oro bodii!-s which connect witli is a darii siJicoous rcpiucomout rock, in places 



the Eaicle and BIuo Bell, extend honzoni«.ll} 
for 500 feet and vertically from llui 750-foot. 
level to the l/100-fool. level. Their \\'idth and 
configiiruLion ciu\ no( l>o frivOD. On the whole 
thoy are probably little differenL from those of 
the Gemini a-ntl Eureka Hill. The slopes exca- 
vated a suc^ipRsioii of podhko iua.4se.s of ore 
scpnnitod by leuii, silieitipd Uniest.oue». The 
pitch if? distinctly l>'Jt iiTe<;uJarly nortbwtird. 

T/te ores. — The Chief mine produces ores of 
severed kimls. Among them are ma-ssive 
galent- tind load carbonato ores containuijj s^ay 
0.05 oiinco of ^old ami 30 to 40 ounc<^ of silver 
to the Ion, with 1.S por caut oflead. Such orciJ 



banded and cotilainin.L' no ("esiduary cah-itc or 
dolomite I>ul .-^caltered prisms of barife. This 
rocic «>n(aiii«. primary rat^ber iirie jc''J""cd 
'^nlcna wiih a liltlr zinc, blende, oimrgile, and 
pyrite. Veins of a set«nd j:roneratian of qiiarta 
coment (he brecx^iated siliceous rock, which 
upon boin^ rttluckivd by oxitiniioii I)PCorncs cor- 
rrjdcd a.nd honcyeouibed, with the dcvelopniont 
of oxy-stdi,s. Throughout the nihio the ore is 
largely oxidize<l, but much gah-na I'emahis, pur- 
(ictd»irl3- along tho ^'ciisings " of the ore bodies. 

EAGLE AND BJ.UE BELL MIKE, 

Dc.vi'.io-pmints and p-odnction, — The jiroperfcy 



were mined from tho westerly ore zone of t.lic of tlko Eftgle & Bluo Bell llininj,' Co. is about 



noiHtciTi bodies; in tho ea;sterly zone oi tlie 
3ftine locality rich siliceous ores cjirr^Tng honi 
?iiver and 3'uby silver, wore mined, one car of 
ft^iich netted $6,000. Tliei-e are also hi this 
viciiiily largo amounts of low-gi-ado siliceo\is 



half H mile southeast, ef the town of Eureka, 
in Ef;gle Cmyon. 'ITio collar of the present 
woi-iiing shaft has an altitude of 6,S1S fec^t, or 
about 400 feet above the town. At the time 
ef fcbc oarher report (1S07) this raino was 



are, cnn-ying about 1 ouuces of silver to (ho 'on developed only to a depth of 400 foot. Dui-jng 



nnd a .sunall pereonti\so of load. The reduction 
jf such ore* is diMleult., and attempt^s lif:ve been 
uacle to porfiKt a cheap process for treating; it,. 
iluch of it i^ cellular and honeycoml>ed quariz 
irith coHtingM of ktnd carhonale, lead oxy- 
■.hlorides, fon-ic sulphates, and small amounts 
)f nmlachile, nzm-ite, and conichaicite. The 
ivera-^o composition of the ore mined from the 
lorthem oro bodies is porhnps best shoftTi in 
he roport of tbo company for 19II, whcji tho 
.vera-zo nsaay vnhics w-ere 0.04S ounce of goW, 
j)d 31). 5S oiuicci; of ailver to the ton and 5.2S 
ler cent of lead. 



tho hist few yea:>i it lins been opened to u 
fjnpth ef 2,019 feet (j^round-wnter lovel)^ and 
it is now a large produeci" of heavy giiKtna ore. 
Tbo prhicipal developments consist of an 
old tiuuici opeiiuig tiie soutliem part of the 
property; of No. 2 shaft, which is 1,000 feet 
Siouth of tlie tunnel portal and 1,043 feet iieep, 
with level's 100 feet iipiirt; and of tlio present 
]^'o. 1 working shaft, which is doso to tlie 
tiiiuiel portal and has wnrkmgs extend in"* 
raaii^ly eastwfli-d on the 700, 1,000, 1,200. 
1^350, l,').iO, l,700,and 1,876 foot levels. Tbo 
total opening!! amount to many thousand ftict. 
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The l,3o0-foot level of the mine coimccts with 
the 1,000-foot level of tho Chief Consolidated 

property. 

The jHVKluction from I8Q7 tt> 1916, iiidusivc, 
wjis 220,343 tons of ore, yiBldinfj; 35,385 ounce:? 
of gold, 3,217,676 oumif^i of silver, 1,413,102 
pounds of <oi)por, 33,706,415 jjounds of lend, 
und 22,fi5G pounds of zinc, nnd havijig n tr,Liil 
viilueof 84,150,005. Up to Xovcniber 2, 1016, 
dividends of S532,51S hiid been distl'ihuted. 
In ciirlie.r years the ores taken out were silice- 
ous and lean Jn lead; of late large bodies of 
gtdena ore liuvo been found in the lower levels, 
Tberu is very little M)pper, the principal value 
of tiic ore being in lead and silver. 

Geohfftj.- — The surface and the workings in 
tlie vieiruty of tite worldng shaft are in the 
Bluebell diilomite, wlueh conbainsi most of the 
ore. About 700 feet south of the working 
shaft, however, the drifts mu-st enter i^ito 
the striped Opolionga limest^tiie, and much of 
this riiek is in fac-t shown in the dump, JL-. 
Lougblin ius(:ertaiMeil that the so-called "white 
lirno, *" wliieli at ttiie place on tlie l.QOO-foot 
Je.vc) \^ faulted against the "blue lime," is 
really the Opobouga limestono in contiict with 
the !Jlnel)ell dolomite. The bouiubirj' referred 
to coiTesponds to a fault alon^^ wbieii tlio 
nurthei'Iy hloek is tlirown 500 feet to the west; 
tliifl is one of the oldest dislocjitions in the 
brotid fatdlcd zone underneatli EuiT.ku Ciulch. 
The shaft pafwes into the "white lime" at a 
depl.li of about 1,120 fent and continues in it 
to the 1,700-foo'. level, where a reversal of dip 
(65° W.) brings it nguin int^.) the Bluebell dolo- 
mito, whieli pereist.s with that dip to the 2,010- 
foot level. The tlirc<!tian and continuation 
of the ore c.h;innels are hut little alTected 
by the faulting, though the most northerly 
cross fractures appear to have bad n local in- 
flueivce in guiding the solutions that deposited 
the oro. 

C'vo^^s frart^u'es trending east, enst-northenst, 
and west-northwest arc i)romii!ent; there arc 
at least sovcn of them within 1,800 feet. 
One zone about 1,000 feet south of the shaft 
on the 000-foot level evidently coiTesponda to 
the gi-etit fault shown on the surface. These 
cross fractures have genernlly it steep sontlieriy 
dip. In detail the structure is probably vorj' 
eoraplie.'it-ed. The stratification extends al- 
most due ]iovtb to X. \^^ W., nnd the bods 
dip tiS^-TO" E. 



No igneous rocks have been foun<! in the 
workings. 

Ort bod'n-s. — Tb.c oie l>odies are tnuiidy de- 
tormined by the ijiLei'soctiori of inconspicuous, 
nearly vertical northerly fissures -with certain 
stratii that w^i'c snaccptinle of replacement, 
but they also ia part follow northeasterly cro.ss 
"'ractuj-es. The ti"aoo of the northerly fissures 
is marked by more or less silicifieation of ^he 
dolomite. 

There are two ore zones. The ohlor do\'elop- 
ments ou the west vein comprise the tunnel 
workings and several openings in ore below ■.lie 
tunnel level near No. 2 shaft, on the south side 
of the property. The newer and deeper devo-l- 
opmonls lie northeast of No. 1 shaft, in the 
tmrtaeni p»\rt oi the propoi'ty, and are sepa- 
rated from older worknigs by 800 feet of barren 
ground. Tbo northern ore zone appcara to lie 
about 150 feet farther ea-st than the soiiUioni 
zone and is thus a littlo higher in the strafci- 
gi'aphic seiiucncc 

In the turuiel a ]>ipelike shoot was followed 
from a point near tho surfoxo to o. depth of -400 
foet. It is vertical foL' 300 feet, thon pitx'-hes 
south at an angle of 60", t-vidently following a 
cross fractui'c, and finally resumes its vertical 
position. Other ore bodies wero mined south 
of the old shaft and on the south extension cf 
the Beecber claim, on the 100 and 200 foot 
levels. From the 300-Ioofc to the 1,000-foot 
level in tho old shs.ft fo\v oro bodies wore found. 
Tlie latter dovelopmonts on the 1,000 and 1,100 
foot levels lie norlheiust of this shaft, just north 
of a crosH break on which strong easterly fardt- 
ing has taken placo. This shoot is as much na 
20 lect wi<le and follows the be-d<Iing planes of 
the Bluebell dolomite for 400 feot more or less 
continuously. It is of rathor low gra<le but 
contauis both copper and lead. 

The i-icher ore bodies lio a few" hundred feet 
northeast of No. 1 shaft on levels extending 
from 700 to 1,876 foet (lOlG). The most ex- 
tensive developments are on tbo 014-foot level 
(equal to the 1,000-foot level in tho old .shiift). 
Tho oecuri'ence of the oi-o is in gcTieral related 
to the interHection of qu easterly cross break 
with tho northerly lissuro. ^Iio om began 200 
feet above tho Oil-foot level, and in tOll the 
workings bail disclo^ixl it on tlie 1,100-foot 
level. It is in, part siJlceous nn<] carries gold 
ttTid silver wdth a little lead anrl copper; in part 
it is heavj' lead ore, and both Itinila occui* acj>- 
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ftratoly but in dosr. proximity. A boiiy of 
sLlicoous ore rich in gol«l wus foiuiil 100 fotU 
south of tho main ore body; in oiio place OS fcrt 
bolow the 1,200-foot level tho stopo was lOQ 
fpct long and l'2o foot vriflo from cast to wpst, 
ii\ the time of visiil, when tho Avholo extt'nt of 
tbd body lijid not been ilevclopcrl. 

In 1914 the mine was opem^l from No. I 
shaft down to the l,r)r>0-foi)t. lovcl, and tho 
mixed siliooons and load shoot was found to 
contihuc to the lowest workings; in additioTi n 
now and very valual>lc k*ad slioot was found 
farfhor west, almost duo north of the shaft. 

Tlio shoot of mLxed siliceous and lettd ore has 
beon followed north for 480 feet and from the 
70tJ-Foot down to tho 1,500-foot lovol. It i$ 
20 to 70 feeli wido, ti,nd its giinorol treml is 
ntjrth-northwest- In its lower part h;'avy Iciwl 
ore prodominates. 

Tho new lead shoot lies 300 fcftt north- 
nortlicft'St of No, 1 shaft. Its top is at about 
the 1,450-fuofc levol and its deepest p^irt, so far 
as showii »fc prosont, on tho I,5o0-I*ont love'; 
iiere it is 140 feet long and as much as 20 feet 
wide, a magnificent body of load ore about 
half oxidixed and a-veraging a.s a wlioli,i 20 or 
25 por cent of lead. Tiiis shoot would appear 
to lie in tho conthmation of tJie Wfst vi-iu of 
tho old workings to tho south. The dolomite 
Willis of the shoots arc ovcry\\'here sharply 
doihiod. 

1 )i! ring 1915 and 1916 ne^^' s t opes were 
opened in continuutions of ore shouts on the 
700, 1,000, and 1,550 font levels and oii tlic 
i,20()-foofc level of the Victoria mine. New 
stopes were also opened on tho 1,700 and 
1,S7G foot levels east of the sliaft. The rela- 
tions of those two sbopes suggest that tlie ore 
shoot follows the local westward dip of the 
mclo3uig rock. The newly exposed ore ou 
the l,S76-foot level consists of coai-se to fine 
grained galenn partly oxidized to auglesite 
and cerusite and thinly (u_»a(ed in a few spots 
with an undetermined yellow powdery mineral. 
Tlie shaft passe-s iJito low-grado ore, said to be 
of normal charocter, 50 fe^t below the 1 ,S76-faot 
level ijut is in baiTen I'ock at gvouUd-water 

level. 

The ores. — Tim miim has produced orcH of 

widely diffcviug character but ail currying 

moixrov loss load, gold, nnd sdver. Some 

copper was fonjid hi ttie southern workings, 

l04:3Sri'— 19 l-t 



and in 1913 a pipe of ricli enai^itc ore wius 
cncoimlored in tho northern siliceous slioot in 
the l,300-f"ot level. It wius about 34 by 20 
feet in diameter and 75 feet in vertical dimen- 
sion. Ziiie to the amount of 2 tfl 3 per cent 
was found in some of the load ores from the 
upper liwols. Bodies of oxidized zinc ores 
below the lead ore sliouhl he expected under- 
m-ath the k^ad slopes, but none have yet 
hc'cn found. 

Tiie siliroons ot<'H consist mostly of \vhi!e, 
greatly honeyccnr.bud and eeUuJar quart/, of 
!Inn grain, in places 'chidcedonie" and show- 
ing delii-iite agate-Jike bandbig; many such 
bodies are adjoined by hhiish siliceous and 
compact rock, evidently silicitied dolomite, 
which borders the unfilLcred d<dimute witJU 
sliarp contact. The large siliceous stopcs 
may have averagt-d 0.5 ounce rtf gold and 20 
onucea of sUvpr to tiie ton, uith 1 tt) 3 per i-cnt 
of lead. The. second-cla-ss ore loft m tlie mine 
nugbt eontauL S8 in gold and ounces or more 
of silver to tJie ton. Some of the rieiiest 
siliceous gold ore contained 4 ounces of g(dd 
and 130 ounces of silver t« tho ton, 7S per cent 
of silica, 5 per (^eut of iron, and 2 lier rent of 
lead in a gangue of corroded quartz and barile. 

The lead ores of the lower levels consist 
nmirily oi carbonate with bunches of galena; 
carload slupmeuts would average 20 per c^nb 
of lead and 23 ounces of silver U) tlie tini. One 
heavy carload of S7 tons contained 74.8 per 
cent of lead, 2.6 per cent of hisolublc matter, 
11.6 per cent of sulphur, 0.4 per cent of iron, 
and 0.017 omicc 01 gold, and about SO ounces 
of silver to tho ton. 

In 1913 a carload of heavy lejid ore Was 
shipped frorn tho now sltuot north of tJio shixft. 
The weiglit of tiiis shipment wiis approxi- 
u.ately SO tons, and it consisted apparently of 
an almost pure mivss of galena, anglesite, and 
cerusite. Tlic shipment ctmtahiod 74.8 per 
cent of lead (pure galena contaifbJ S6.G per cent 
and piu-e carbonate 77,5 per cent). The ore 
carried 24.7 ounces of silrcT and 0.017 ounce 
of g«ikl to th.0 ton. There was mdy 2.6 per 
cent of instdiihle matter in the ore; sulphur 
amounted to 11.0 per cent and iron to 0.4 

per cent- 

The ore carries a littlo barite but no ctdcite 
except as a. late product of oxidation. Dark 
clici'ty silica w'itJt ilukes of gold such us was 
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seen in the VicUiriu mine wiw not obscrvoLl in 
this properly. 

Sorao of the ores luu-o cviflontiy hutl n Imig 
and complieulod Ui^toiy of oxidiition, wiiicli 
ia nut easy to work out m deLnil. In .somft 
oi' tJic ^lilicfnii.s ofo>i a fDiisidcruhlo i.o neon t ra- 
tion <tf ^iM and silver Uu^ lukcn plm:n, but it 
is ni)(, pn»bul>lo tluit muoli lond luis botMi rli*- 
solv<'.d and earrii-d nwuy from thuin, Cldoridt) 
of silver occiiis in plnces — f<M- iurftaace, on tlie 
l,2DO-foot lu\');l— but no silver untimonidos ur 
native silver luis bneri seen. 

VICTORIA MINE. 

DtVfJj>pniPnfii.—'V\\i\ Victorii: niiuo, owned by 
the Victoria Kiniii;^ Co. rniUl lOIo, tthon it, 
\V!i.4 pnrclmsed by tlio Eaglo & Btuo Bell Min- 
ing Co., is on the northern ^^lopeH of Eureku 
Peiik, in Kiigli^ Canyon, about tbroo-quurtei-s of 
a mile aouLh-.southeiust of tho town of JiiuTi^ka. 
It, lies ^outii-Houi.lienKt of tho Euglo imd Bhio 
Tiell mine, und the Oiund Ooutral property lul- 
joiuy it on tho sttutK, the Gmnd Cejitral shaft 
I)eing tiiroc-quarloi-ri of a mile south of tho 
Victoria shuft. The ultitude of tho collar of 
tho Victoria shaft ia G/JOS foot, or about 600 
feet abovw the town. Tlie mine was not 
opeJiod when the mirlior oxiimination of tho 
district was miule. 

The shaft is 1,200 fci-t de(^p, and dry. Tho 
workin{j;a extend 401) feet Jiorth and 1,100 feet 
stiutb of thrt aliafl, continuing northward into 
Kiigle ur.d UUie Belli;ronr.d and sou tliwurd into 
Grund Central giH>und, the general trozid bemg 
S. 20° 1*;. Drifts have been turned on the 900, 
1,050, imd 1/200 foot h'vok; the 600, 700, SOO, 
iind S50 foot levels are roiichod by raises froiu 
tho 000-foot level. The 1,0/50 and 1,200 foot 
levels connect witli the Ertglc and Blue Bcil 
workings, The 600, 700, »ud 900 foot levels 
eonnuct with tho Grund Ccntrul workings, the 
900-foot lovol of the \'ictoi'ia corresponduig to 
the l,iaO-fnot level of the Grand Centnd. 

The production of the property has not been 
made public but probaidy amounts to about 
81,000,000; the order as to vidue of metal con- 
tent is sUver, gold, Inud, copper. Shipmenta 
of ore hiivo averngod about 3 carloads a week. 
Mneh socond-clnsa ore renuiins in the mine 
awnitmg hotter conditions fur reduction. 

Geology. — All tlie worldngs are in tho Bhie- 
bell dolomite, which in tho iiortiiorn two-thirds 
of, the property strikes N. 30°-3o^ W. njid 



dips mostly o0°-65° NE. : at a few places tho 
dip is st(.^cpiu-. Iji the southern third the strike 
curves to ahnost duo north. Tho thin Victoria 
quiutzite lies a siiort distanw^ to the ea-st, niid 
beyond it extends tlie Gardner dolomite, but 
tho e;i.strrn dip of these Iteds oiirries; tb,em 
beyond the castiwnmost workings of the ir.ine. 

Several en.'steriy faults or cross broaltf< have 
been observed, and on these tho northern 
blocks, so far as laiow^i, are c<.>nslstently thrown 
wMt, but tho amount of displncement is not 
great; these f^lults represent the dyuig end of 
the great dislocations underiunitb Eureka 
Gulch. One such fault has been iippi'^ixhnutely 
loc^ited south, of the shaft on tlm suj'face, and 
sevexiil are to bo seen in tho ndiio, hat it is 
difficult without detailed exaniinatioJi tn con- 
nect them with those on the sui'I'aee. One of 
tlu'.ni, extending N. 72*^ E. from tlie vein r.nd 
dippmg 70°-S0° S., is promiju-nt on the 900 
iind 1,200 foot levels southeiist of the shaft. 
Directly opposite, on the west side of the vein, 
is another, which ia expttsed on the 000-loob 
level and which strikes N. 72*^ W. and dips 
steeply to the south, approximately iji line 
with tho fault shown on tho map about 400 
feet southwest of tho .shaft. There are also 
many dislocations trending N. 23^-60° E. and 
dipping from SO'' >r\\^. io 45° SE. 

Ore deposits. — ^No outcrops of ore are seen on 
tho surface along the strike of tho veiji. lu 
general tho ore bodies trend N. 20° W., and 
tlic distance from the shaft to the most north- 
erly stope, at the Eagle and Blue Bell boundary, 
is .300 feet. The stopes at tho shaft are below 
the 000-foot level, wiiieh corresponds to the 
1,100-fnot level of tl»e Grand Central mine, and 
aro mostly on the 1,200'foot level. 

In a^cnenil wtjy the ore pitches to the north, 
but in strike and dip it follows the stratification 
planes, with local enlargements and offshoots 
along the cross breaks. Tho inofit southerly 
and highest stupes on tho 600 and 700 foot 
levels follow two parallel shoots nbout 100 feet 
apart which are the direct contlniuilions of the 
ore bodies of tlie Grand Central mine. The 
two shoots are jeined ut one place along a cross 
break strilving N, oO° E. 

The second group of stopes are 300 feet 
farther uortb, on the 70U-foot level, and are 
boiuided on the south by the N, 72° E. cross 
break. Here ore has been stoped continuously 
for 400 feet, and in this distance it curves 
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fiv^jn n Jiorthorly to a X, '2o° K. troiicl ninl 
pitchrs nnithwiird, the norfl: ('lui i.f the stl>pl^ 
Iv-in*: on the. S50-fo()t lori'I. Tlii' wirllli of Uio 
stope is 60 ftH't iji Uh- \viilc>^t purl. 

A sMiail shoot lie» loO I'tM'l farlluT mirth on 
tho n00-foi)t lovol iUinig h sorics of nort liottstorly 
cross ln'oaks that converii:^ unvunl tho south- 
wosl. A1h)u(, lUO fiH'.t to tlio luirtlioast, on 
the l,0'}0-foot lovcl, oro of t'no siimc type hns 
hovri founil, !n:d this shoot hns ul^o btwn 
opovH.nl nil tho 1,200-foot lovol, 'JMio oro from 
tho bouth bomnlary to rtnd iru-ludhig thU 
shoot contains prominent s!i«Kits of eniirgit*, 
l)Ut- iovi'' small shoots of y;nl<'.na \\i\yc. he-on 
found in the uppor luarpins of somo of tho 
stopos. 

Bi'.lwooii tiiia slioot. and tho t^hnft. about 200 
feet southeast of tho shaft, a valuablo Ihongli 
s^niall gohl shoot was found oil tho 1,10U- 
foot lovcJ; it was 80 I'eot high ami 6 "set,s" 
(24 feel) squavo in cross srctiou. It was an 
almost spborical mass of darli silicwnis rock 
rci>}acing hmeistone. Tho or(^ avcrai^dd 2 
ounces of gold and 2 to 3 ounces of silver to 
tJio Ion but contaiued no loatl or copj^or. 

East of thoshaft gi'cat bodios of siliceous ore 
wore ojxMHid in 1912 and 1913, principiJly on 
tho 1,200-foot level, wliere tho shoot o.xlimds, 
bninohing toward the uortlovc.st, for ISO hxit 
to tho boundary of tho pvopurty. It ovidtmtly 
foUo\vs in part tho slrntifiGiilion and in purt 
the northeast and norlliwest cross broalts. 

As opened on tho 1,200-l'oot lord the first 
long body of sUiceous oro is os much as 24 
feet wide iiiul extends 3U /cot above, tho level. 
At flio north cud of tho wf^rkings tho ore i'^ 
30 fcot \vido and whctlly siliceous, no galeiui or 
enargito showing at tho time of visit, in 1914. 
Since then this large body of sUiceons oro has 
been found to conthiuo for a consitlerabls dis- 
taiioe bclo-\v and uorth of this levol, in Eagle 
and Bhie Bell gi-ound. Tho contact of quarta 
and hard finc-graiued linicstoiic, which rarely 
shows stratillcation, is in-egular but ovory- 
whero slnirply defined. At one ponit ou tho 
1, 200-foot leve] was noted the uansuid occui'- 
rencc of n northeast fracture cutting across 
tho quarta and thus distinctly lator. 

T7(i< ore. — The Victoria mine yields in general 
a highly siliceous gold-silver oro with bu7iclic9 
of c'opper oro and moro rarely lead oi-o. 
Tlio principal typo, as sho\ni in the deeper 
w^orliings to the north, is u aue-granied, 



almost oliorty qviart/,. in places witli delicate 
agatediko banding. E.xtensivo eoiTOsion has 
produced irregular cavities in it, which are 
no\v fillod with white, coai-sor quartz, ninch i>i 
it diTisy nuil clearly crystnUized ui open spaces. 
Bunches of coai'se-grainod (Mungite urii found 
in placts, surrounded by an intergrowlh of 
euargito ]>risuis rind quartz. A little galena 
occurs along the iniirgins of the oro :>odies and 
in sharp contact wi'li untih ered liniestonn. 
Limonito and jnanganese thoxide nro widely 
distrib\ite.d iti tho ore but nowhere in largo 
quantities. 

llip principal value of the ore is in geld, 
thougli mucli of the oro is of low grade aiul is 
for tho prtsout left in the mine; such ore runs 
from S7 to SiO to the ton. Much of tlui sldpped 
oro contains 0.5 to 3 ounces of gold ami as 
much as 120 ounrcs of silver to tho fon. 

Somo HlupnuMits avorngf-d 1,5 oiincos of 
^<i\i\ and 20 eunccs of silver t<t tiui ton and 
■4 per cent of copper but no hvid. Othois ba\'^Q 
hud a sinidiU' gold con'ent but only 2 to ."! 
onncttS of sUver to the ton. Bunches of galena 
*n'e have yielded 20 per cent of lend and 0.20 
ounco of gold and 2^^ oances of siivor to tho 
ton but no c«ippor.' 

Sorao of the gideua oro on tlie O0(;-foot level 
contains much coai-so spar of die ankerito 
type, but it occui-s on separate fissures or on 
top of the while qutirt/, of the second pt>riod 
rather than actually intergrown witii gabwia. 

Barite is presi^nt in most of tlio ore, though 
not m large unouiU^; if. is assoriiitcd with 
onargitc. ..Vll tJic ore bodies are partly oxi- 
dixed, bnt much galena trnd enargite ronntins. 
Very little pyritc is seen, ami tbat mostly in 
altered limostone rather tiian in ore. Prob- 
ably somo pyi-ito occnrrc'd Ju the ore hut has 
been thorougldy oxidized. The gold and sdver 
are irregularly fiLstributcd; the silver is con- 
centrated in places as silver chloride, tiiul flic 
gold, at least in the richer ores, is largely sec- 
ondary and forms little bright- yd lo\¥ seidos 
adheriug to the surface of joints in tho dark 
quartz, without being aeeonipanied by linio- 
nite,mangauesc,or other ganga<!. (.See p. 177.) 

GEAND CENTRAL MINE. 

ffevclopiri'.nt.'i and producidon. —-The Grand 
Central mine is on the steep soutiu^ast slopes of 
Eurdia Peali. The nltitudo of the collar iy 
7^X49 feet. It is owned by capitalists of 
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Provo. Utiih, who arc working it. under tho 
naiiin of tho Gniml Ceiitrul ^^ining Co. The 
soYf-nil (^<nisohiiiUod chiinis oxtciid bolween Iho 
Miimnioth on thf. south, Vic^toria on tho north, 
jiud Ccntnniii.-d Knrekii on the northwest, and 
conn('(-•tiorl^^ with (hi.'^JC propcrUns nro nmdi', on 
several l(',\'el^^. 

The mine is opened h^' iho Grand Ccntnil 
sliiift, which in 101 1 rctieliod n dcplli of 2,.i00 
feet. A win/.e exf ond>i down SO feet, from (.he 
Iiottoni level, Iho water ]e.\'e.l luivinj;^ i>oen incl 
in t.lie hotlom. Levels are turned at I(}0-l't)Ot. 
iiitcu-vuls. Tlio working.-^, whJeli nggre^'Ue 
many niile^ in lengt.h, eoiLsist of ero^sf.ulj^ nnfl 
drifts on t\n eastern vein zone whieh exteuflH 
due north from tiie Mainnioth to the Vintoria, 
iind of deep workings townrd the we-st, side 
which (■omieet with the CenteiuuaL Eureka. 
Level 8 of tlie MuTnnioth eorresp<mds to levf-l 7 
of Uie Grand (VMitral. Tho Vietoria shaft is 
I")I feet and the C<'ntennial Eureka shaft 26'2 
feet lower than the Gra-nd Central. 

The total production is not made public, but 
as the mine has heen worked continuously and 
with rea-soiuible eflicionoy the total output may 
he estimated til about five times the dividends. 
Up to SeptemlHU- 15, 1914, divkienda of 
?;L6U"2,7i30 had been paid. In 1014 ordy about 
2.0t)U tons of ore was shipped. The ores carry 
mainly silver, ^old.and copper, with Ponio lead. 
At the time of t!ie earlier report on tlic dis- 
trict the yhaft was only SoO feet deep. 

Geolof/y.—T\w vertical shaft is sunk in Opo- 
honga- slialy limest(nie and ronniins in this 
formation to a depth of about 1,900 feet 
("1,S00" level), where it enters the undorl^ning 
Ajax hmestone. The priiicipial zone of north- 
south workings is in tlic Blueliell dolomite, but 
son'\o ore bodies silot^g the West or No. 4 fissure 
are in the Opohonga linu^stono, and tho lowest 
workings ttn leveLs 20 to 22 are in tho Ajax 
limestone. At a disdnico of 750 foot N. 15^ E. 
of the shaft on level -7 the cont-act o: Blnebell 
dolomite and Opohonga limestone was cnt., 
and this indicates a nornnil easterly dip of 
about 7.>'^. 

The normal strike is X. 10^-20^ W. aiid the 
normal dip 70'^-S0° K., but botJi strike and 
dip are in places diHlr-ult to determine. on ac- 
(unn\t of tho abundancx^ of fractures. Thero 
are also many local irregularities. Di]ts of 45*^ 
SW. are found in some of the upjter levels. On 
level 7 in tho crosscut from the shaft tlio strike 



is N. 70'^ E. and the dip stuep toward the north. 
On tho same level near t:io Butterfly slope the 
beds strike N. 10^ W. and dip steeply toward 
the west. On level 20 dips of ;j0°-50° XNE. 
were oI>sorvedj corresponding to a similnr 
powition of the strata in th.c deep levels of tho 
Opex and Centennial Eureka mines, farther 
west. 

Tile principal t)i'e ?;(me follows prominent 
nortlun-ly fractures, v. hich at the Butterdy 
slope are intersected by an ahnost vertical 
fracture irencHng N. 110° E. Tho West or No. 4 
n,--sure also strikes N. ^0° E., and west of tho 
sliiift the EnuTald-Grand Central fault zono is 
iutci-sected on tlie deepest levels, whore it 
shows at kuust throe fracture.'^ trending N. aC 
E. and dipping very steeply west-northwest. 
Minor fractnres trend northwest, N, 60° K., or 
east. Tho ore follows tJic N. 30'^ E. and north- 
erly fractures. No igneous rocks were seen. 

Ore hodies. — No outcrops of tiio ore bodies 
are visible on this property, and tho highest 
workings are at level 4, near tho Buttorfly 
stopo. The ore comes liito the property in tiio 
Sdveropolis shoot, adjoining tho Manioiotii at 
tho southern boundary. Tliis shoot bo-gins 
near tho surface in Manunotli ground and forms 
a pipe pitchij\g 70° NW., across the stratifica- 
tion, probably following tho intei-sectionof two 
fracture plants. Tho tLunonsioiis, though iiTOg- 
\dar, aro about 20 by 20 foot to 60 by 40 foot 
in horizontal cross section. This shoot crosses 
into Grand Central gi'ound and continues, flat- 
tening somewhat, to loveLs S and 0. Thero 
it tuiT^a north, fellows a stoop fissmc with tliG 
same direction, and continues due north ap- 
pi'oximatoly on the same level for 2,600 foot to 
tho boundary of tho Victoria mine. At fii'st 
this shoot forms a series of irregular bodies con- 
fined between levels 7 and 8, thou widonhig in 
theButterfly stepe to .50 or 70 feet ai\d extend- 
ing from level 4 to level 11. Tlie Butterfly 
slope lies at the intci-section of a northerly a:id 
a north-uorthea;^terly fissm-e, both of which 
are nearly vertical. Nx)rtl\ of the Butterfly 
slope the shoot continues in a horizontal diivc- 
tion to the boundaiy livie of tl\e property antl 
lies mainly between levels 7 and 10. A few 
hundred feet, noiih of the Grand Central north 
bo-j\idary the ore tunis north-nortliwestward 
into a now series of bodies in the Viet^)via mine. 
Figiuo 31 sliows a gcmerah/cd h>ngitudinal sec- 
tion along this oaytcvn and upper ore shoot 
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from tiioMaTTiTnolh on tho south to tlio Victoria 
mino on llio north. 

Noar Iho bottom of the But-tovfly stopo oii 
levels 9 aTid 10 a now fractnro, oiiUoil t,lio W'ost 
fist^iiro, WHS encounto.red. Tliin frncturostrila-.s 
northoiisl or uoi'l,h-northoust ami ihp^ 7\i° 
NW. St^vorol minor ore bodias hiivo boon 
found alonjj; this firisuro, bopiiming nt tliolowor 
end of the But,terllystopo and continainj^down 
to level 17. On lovol 18 a drift was extended 
south-southwest along this fissure mid oncoun- 
tored ntuv ore bodios apparently not conii<;cied 
with the nioro northerly shoot just refcrrod 



smflllor shoots wore in general found bfitwtion 
lovttls 20 and 22. 

On llie wholo, (l.on, the tipper ore bodies in 
iho enstom purt of the mino foUttw nortli- 
edy fi'acturos but do not continue below lovol 
11. From lovol II to Kn'ol 17, in tliis part of 
the mino, the ore desceinled on a north-north- 
wcstorly fractuix\ In tho western and deopor 
part of the mine thtiorooccui-s mainly in shoot*! 
of horizoutal trend along a series of nort.U- 
iiorthcantorly fnicturos. Tlicso slioota conneet 
iii a stoplike niunner, j'ompiiis from one fissure 
to another, and locally following stnitiiictition 



atope 
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FitlUTtE ai.— LoiiElludinnl sfM^tlon of tUo (;rin<i Contrtl niJr«, s-Loiriiif: upproxlmato outliriB of upiwr oro liuilte from Uic Munjiviudi nilno lo 

tliit \'ictorb niiun. 



to. Tlioso continued down lo levols 20 and 21, 
foUow^ing the (lattoning dip of the fissure. This 
oro apparently trends northwestward end lies 
in tho extension of the horissontal projection of 
the Silvoi'opolig coluum. 

In ti le lotvost levels the dip of tho bods flat tens 
to 40°-50'' NNW. or NNE. Several suialler 
ore bodio3 aro found here, In part following the 
stratification, in part occurring on u series oi 
nort.li-iiorthons'.erly fructurts tiuit are found 
at inten-ida in the same general nortlnvosterly 
direction up lo the Centenniid Eureka line- 
Some nf these froclures evidently form part of 
the Emendd-Grand Central fault zone which 
13 SO well marked on the surface. The^o 



planes, so timt the ore iis a whole trends in a 
northwesterly direction. Tliia ore practically 
continues to tho beimdary luio of the Centen- 
nial E'.ixofca mine. 

The upper horizontal shoots between levels 
7 and wore tho riuliost in the mine. A lar^^e 
part of tho siliceous ore mined now us second- 
eluss ore was left in tho stopca dtiri-ug earlier 
work. 

Theorem.— On the whole the Grand Central 
ores cOt:*.ain copper, silver, and gold with a litdo 
lend; thoy nro oxidizi-d throughout, ovim in the 
dce|>ost IcTcLs. and ciirry uhundant arsenates. 
Townrd the Victoria line, on tlio north, Ihoy nre 
highly siliceous; ii\ the deepest levels the ore 
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<^on(.jiins much hiiritn and limoiLite and is in 
f'oiicral similiir to t,ho oro of Ihn Ceiitenniul 
Em-cka. 

Remtiins of sulphido ore nrf. found at many 
plaws, howovcr; they consist, of enargife with a 
liUle j>yritB, ffalcnn, and ehfilcop^Titft. Chsil- 
cocilo nnd cowllitc- occur in small qiumtitics 
lliroughoiit- tlio mine, find I lie ili'vrlopmont. of 
l.hc^.o sf'condisry c-tippor sidphidL's i.s usiuiHy 
fttk'.ndpd by n foncniitnition of silvi'.r. Honi 
silviT ia prcthuidy conunon but is niroly Yisll)lo 
to tho naked oyc. Niitive silver was soon noar 
Llio Buttiirlly stopo, Wn^ wilii smull qu;;rfK 
crystals are common in the, upper levels. Cal- 
cit-o in Heiilenohedral n;id flat rliombohodral 
forms wad developed in (he limestone and in thci 
oxidized oro a^ one of the latest products. 
SiliciHed liiTH'Mtono usualh' surrounds the ore 
for a variable distance, bufc in tho doop lovola 
on fho wokI conDiO iiiuostono i:^ found in close 
proximity to tvtme of iho limonilic ove and 
locally forms f)ouldors hi ihe oio. 

'riieorc mined is said io have averaged about 
$7 in gold iind 12 ounces of sdvev to tho ton; 
t.hc l^iior ill foppor is variable, but ihe average 
is pvoi>rtbly lesa Ihitn 3 per cent. The lead is 
irret:,'uiaJ'ly disU'ibulod, nnd muoh of it -wan 
found nojir thn "casings" of tho oro bodies, 
Tiiii siJic^^'ous oro now mined from the upper 
levels contains 1 to 2 per cent of copper. Much 
low-grade ore remains in tho mine. 

M.^MMOTH MINE. 

Location and dcvclopmtnt.—'Vhti irnramoih 

mine, a))ropcrty of scvcvu! consolidated cluinis, 
belongs to the Mnmmolh Mining Co. iind has 
for many yo.ira been un<ler tho control of tho 

Me.lnlyro fnmily. U Im in the upper |)art of 
Mammoth Gulch, on tho steep slopes leading 
T»p lo Godiva Mountiiin, half a milo «ftst of iho 
town of Uobiiison. 

The sliaft (markod "RUmmoth Hoist" on 
the map) is operator! fram a tiiunol 211 feet 
below ilie collar, which lins an altitude of 7,i.)-52 
feet. The shaft i.s 2,11)0 feet deep, and a winze 
is sunk '2G0 feet below the; bottom level, making 
a tol,aI vi-rtical dept h of 2.3fi0 feet. Tho lowest 
level, ihrrefore, lies tit an nhitiide of 4,602 feet, 
or 100 feet lower thrtn (he bottom of the shaft 
of tho (Vntoinii.-d Kureka. There is no wnler 
in iho mine. The deeper levels are IDO feet 
apart, and ihw workings extend mainly north 
and northea-st of tho shaft Io a "-renicst dis- 



tance of 1,600 feet. Tho total len^lh nf tlio 
drifts amounts to at least 15 mUcs. 

Thi3 ore bodies lie within 1 ,200 feet north nnd 
northeast of the shaft, on the Mammoth. Weld- 
ing. Golden King, Juid Sitveropolis claims. 

Produfiiim. -—Tho mine has been one of the 
most pi-oduel l\e in the district and is still si lip- 
ping ore. ^^nung operations began in 1S72 nnd 
have been continued almost unintcrrujjfodly 
since that dafo. Tho tot;d production up 
to 1913 amounted to approximntely 402.095 
tons of ore containing .S6, 00.3, 61 4 in gold, 
6,942,314 ounces of silver, 17,184,124 pounds of 
copper, and 17. 670,058 pounds of lead, valued 
in ull at SI4, 660,197. The total dividends 
paid lip to the end of 1916 amounted lo 
.?2,529,205. 

Recently much low-grado ore has been 
shipped fromi (he large dump of former yenfs, 
lessees have been working in various parts of 
tho mine, and the underground operations by 
the company have been confined largely lo the 
new copper shoot in the Welding claim, 
iVboulf 3,740 tons (748 cai-s) of ore was shipped 
to the snielfer iu 1014. From 1914 to 1916 
the total aimual shipments of ore averaged 
from 0,14 to 0.2 ouucjj of gold and 5 to 7 
omicGS of silver to the ton, I.S U:) 2./J per cent 
of oopper, and less than 1 per cent of load. 

The ores contain chiefly copper, gold, silver, 
and load. A charneteristic of the mine is tho 
marked segregation of ores into shoots of gold 
ore, load oi'o, and copjier ore, though of course 
the ore of each kind also contains other metnls. 
Some of the ores were rich in gold, and tho pro- 
duction pi-obably averages not less than §15 in 
gold and t5 ounces of silver to the ton. 

Dm'ing tlio carHer yeai-s of the mine niin- 
amalgamntion was the process used for tho 
recovery of gold and bilver, but even then some 
base ores were shipped to smeltei-s. At the 
present time all the ores produced arc smelted. 

Ceofcjpy,— The shaft is sunk in the BKiehoU 
dolomite and ftlmosfc all the workings are lu 
thisformfttion; some drifts, however, enter tho 
Opohongn lirae«lono on the w'est. No igneous 
bodies wero observed on the surface or under- 
i:round. 

Tho fttriko of iho bods is north-northwest, 
changing lo moro nearly north toward the 
Grand Central mine; tho dips are moslly 
65^-So° E., but in places they diminish to 35^ 
or 40°. In .«iome of the lower worltiiigs tlie 
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strike swings more t.o IIig nort.iiw<>si or (iv<.ii 
N. 70"* "W., corresponding to liie misU^rly hoiid 
of the strata east end aouUicdsl of theyhnft. 
At the new ore body on ihu Welding dnim* 
SCO foot norili-nonlieiist of the bimft, :t strike 
of N. 70" W. and a dip of 40' NNK. woi-o 
noted on level S. On level 21, SftO fuet nurtli- 
we^l of the siiafl, tho strike is N. CO'' W. niul 
the dip G0° NNE. 

Th« geologic n-.up shows that (ho t>cds soutli- 
east of tho shaft nvo disturbed by several 
eiisterly faulU, the general rosidt boing that 
the northerly blocks nro thrown to the wo^t })y 
ai-slocations wlioso liorizontid component may 
amount to sovoral hundred feet. 

Tlie fissiu'fs tluit control the ore bodied trend 
h\ pnrt nortiiwiird, but the most pi-ominont 
system striked from 10° to 35° oust of north. 
Two members of this fault system, striking 
northeast, nro indicated on tho map. Very 
few of the fracturea arc of posfniinerul origin. 

Tlie limc.-%tone of the workings north-norl li- 
wo.st of tho shaft, near the SilveropoUs ore 
body, shows a remarkable crushed zone, 
locally known as ''the dike.'' The fragnieiit- 
form a loose breccia and may flow for sevond 
days after being opened in the workings. On 
level 4 the ore of the Silvei"0]jolis shoot pa-sses 
througli ihis biecijiated zone or mud dike, 
which in places is as much as 100 feet wiihi. 
It is dilTifult to form a conception of Uie I'orm 
of this disturbed kouc; it scorns to be very 
ii"r**gulur and is doubtless a very late posl- 
miiicral structural development. It is iiol 
ac<;onipanled by much faulting. 

Caves aro found in places; one on the 1,350- 
foot level is 50 i\'ot long, 25 feel, wide, iui»l 30 
feet high. Tlxey are distinctly postminend 
devolopments. 

Ore 6<K/icM.— vSoveral ore bodies have been 
woi-kecl; all of them cross the beddiug and 
moat of them are dotennjied by the intersec- 
tion of two or more fractures striking north, 
north-northeast, and nortlieast. Tbt' principal 
bodies are tho Ape.K, Silveropolis, Golden King, 
and Welding shoots. The Apex Bhooi is tji** 
largest and was the only one worked «t the 
tinic of the earlier investigation. It crops out 
just south of the .shaft and tonus a htrgo. 
ehimncy-sbapcd mass which in 1911 wu* weii 
exposed 100 feet below the surface, i pi» 
shoot goes down almost verticaUy and attairv 
great dimensions on levels 15 nnd 16. A e 



i.'U'gcr diameter trends K. IS** K., and it con- 
tinues to Icvfil 21, whore, liowevrr, it becomes 
of poorer grade. 

Tho general pitch is 70° NK. hut the outline 
varies greatly, its shown by Plate XXXIU, 
adapted from Tower and Smirh's report,. 
Tile shoot is evidently determined by thn intor- 
seclion of a system of fractures trending noitli, 
uorth-noniieast, northeast, and east. Tlio 
cross section is accordingly very irregular, and 
on some levels the shoot extends scver.il 
hundred feet along northeasterly fractures. 
It-9 width is in places 100 feet. At the surface 
copper ores rich in gold were found; at middle 
depths of 1,J00 feet u hn^o lead shoot is 
recognized, tuljouiod hy a gold shoot and, 
lower down, hy a copper stope. On the lowest 
level the shoot is poor, though here, ns else- 
where, siHcified roek contt.ining gold iu\d t'lh-'er 
cxiend.s on the north-nortlicasli'i-ly fissures f:xr 
beyond the boundaries of tlie oro body. Some 
ore is also found on fi.^^snres extending oast- 
ward ncros.s tin' main direction of thu Itody. 

Tho next large ore body, enUed the Silver- 
opolis shoo: ffig. 32), begins near tlie surface 
550 feet K. 109° E. frotn the shnft, and .tJiis 
also is lo<'.atcd on a nortii-norI.h<'aslevly fissure, 
wliicji, however, dips GO^-SO" NNW. :.nd 
widen oQ level 4 intersects the fissure nf tjie 
A[)ex shoot. This upper body of nnxed ores, 
now mined out, is cidled tlu^ Cmni-ingham 
slope. It continues wifh a sliglit northerly 
pitch nearly to level Q, where it Jlattens out 
luid is followed ntjrth-nf»rtheastw;:rd about 
horizouLiillv nn the correajwuding leveLs of the 
Gruud Central mine (fig. 31, p. 213). Drifts 
along fractures have boea exiended from a 
few hundred to I.OtlO iV-et north-northeast 
of the Cumiinghani stoj>c, but no ore botUcs 
have boI^n encountered. 

The tjiird ore body is fouiul oq the Gohien 
Kin g ckiim al)out 1,200 feet due north <»f the 
siiuft; the stopes, wl.icli he bi-t-ween IcA-els 5 
and 8, extend along a noith-northweslerly 
fussure and he eloso to the. Grand Central 
bgmidary Ihic. 

The fourth grou|> of ore bodies oi(;ui-s 
ojilirely iipart from the otheis, on the Wcldhig 
cliiim. No ore crops out on the. Welding 
claini. hut a considerable body of oxidized 
copper ore was found on level 8 in the southern 
pnrt of the claim: the ore trends K. 30° E. and 
has been followed for 300 feet. It (wideiitly 
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occupies ft fipsure of the same system as those 
ill tho Opoliongft and Gold Chiiiii mines; the 
ore '}s uboufi 80 foot long and as much as 30 




foot witlo nnd litis hcoii sloped betw'cen lovels 
7 mid S, The ore is cut olf by a fissure trend- 
ing N. 60° W. nnd dipping 45° SSW., but this 
intorK'tTtiiig fijjsurc is clearly premineriil, for 
a few sets ubove the level tjie ore goes tiiroiigli 



it. The sftine fis^suro h apparent on levels 12, 
17/ 19, and 21. On level m a Iratisvcrse body 
of gold ore follows this fissure. No ore is 
known to oceur on tliis 
shoot above level 8 nnd 
but little below it. On 
level 22 some chopper ore 
containing much gold m 
spots WHS found in a winze; 
this ore is said to tollov.'" 
th.e transverse fracture 
that cms off the body on 
level 8. 

The 07-es. — The ores of 
the Mammoth niine vary 
so much tlLat a lirief ade- 
quate deseription is diffi- 
cult. In general the ore 
is siliceous and contains 
more or less hmonite; the 
ore of shipping grade is 
surrounded by a wide zone 
of fijie-graincd silieificd 
Uiuestone, and much low- 
grade ore of tliis kind re- 
mains in the mine. The 
ore has a loaehed appcar- 
anee and a cellular, cor- 
roded textui'e, so that in 
muny places, on the lower 
as well as t-he upper leveJs, 
little remains except a 
honeycombed iron-stained 
"material. Level 21, for 
instance, shows this tex- 
ture in a pai'ticulnrly strik- 
ing manner. The oxida- 
tion seenis complete at tliis 
place, and tho ore body 
looks exactly iis in tho 
moat liighly decomposed 
c r o p p i n g s , cont-aining 
mucli limonitc in cavern- 
ous nnd corroded quart?:. 
Bunches of cnargite and 
pyrite remain, however, in 
nil the ore bodies at the 
surface of the Apex shoot, 
in tho Welding shoot, and in the deepest 
levels. 

Tho gnnguc, as usual, cx^nsists of extremely 
fine grained siliciiicd limestone, brceeiatcd and 
cemented by a coarser but still fine-grained 
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white quart/. tha.t in plac*\s forms Hmalldnises. 
Uaritf is fnirly nbuiidaiit. 

jVll tlie ores contftin gtild, iind some of thotii 
carrycxti-einoly ricIiypoU wlicro rtbundnnl. fuic- 
gramed native gold is visible Tlic top oi tho 
Apt'x and the Silvcropolis >i;ht>aU worr rich in 
gold, but tho. Welding slinot nirrios only SI tn- 
S2 to the toil. Part of the Apex sliout'iu level 
15 was BO riclx in gold Liuit it \r:is designated 
tlio ''gold slope"; it immediately udjoined the 
big lead stopo. The gold ores arc all liighly 
siliceous and rtssocintod with niaugaiiose diox- 
ide; in, the Silveropolis shoot tliero^viia much 
manganese down to If vol 6, and most of it was 
rich in gold. Burite containing native gold is 
reported from level 10. The poor and highly 
sihceous ore in the lowest levels of the Apex 
shoot contains gold as its prhicipal valuable 
constituent, with little silver and no copper or 
lead. 

Silver is present in all the ores. The Weld- 
ing copper ore on level S is said to coulain aboiit 
30 ounces of silver to the ton. Tho silver con- 
tent of the Silveropolis shoot varies greatly, 
ranging from 10 to sevBral hundred ounces to 
the ton. The groat lead body of oxidized ore 
in the Apex shoot was rich in silver and also 
contained a Httlo gold. Horn silver is, no 
doubt, the principal silver mineral; aigonrite 
may u-lao be preacnt, but it is rarely found in 
large amounts. Horn silver seems to liaVG Oc- 
curred mainly down to level 8 but is also found 
bciow that level. Some leaf or wu-e silver is 
also obsorved. On level 21, about SOO feet 
north of the shaft, toward the Grand Central 
ground, somo very rich silver ore was struck i:i 
a flat "talc" scam. Some of this ore udstijcd 
several hundred ounces f o the ton, imd sevcrtil 
carloads of this rich material was shipped. It 
contained very httle gold. 

Lead is present in smiUl amounts sv? galena 
or cerusite in most af the ores, but tho princi- 
pal lead (iroduction of the mine came tVom a 
part of t!ie great Apex shoot. This lead shoot 
was at its best close to the shuft on levels 13, 
14, and io. though it extended down to level 17. 
It.s greatest cross section was 100 by 150 feut. 
Much of the ore contained 40 to 50 per c^nt of 

lead. 

Copper is widely distributed and occui-s! 
mamly r.s ai-senates, enargite, and famatniitc. 
The oxidation i:^ not complete, rind plentiful 
mftssos of cnargite remain. The alienates aro 



abundant, and fine specimens of clinoclasite, 
ohveiiite. and tyrolite nra found tbroughout the 
ores. ITie gangue consists ot fine-grained 
quartz and more or less abundant barite. The 
stopes in the Apex shoot were rich in copper 
from the surface down and extended vortically 
for many hundred feet. In tlie deeper levels 
a new copper ore body began just west of the 
shaft on level 16, but this body became poorer 
in the lowest levels; it contiiined maiid}'' oxi- 
dized copper ores with littlo gold but 10 to 12 
ounces of silver to the ton. The great SUverop- 
olis shoot coutuincd sihceous copper ore rich in 
gold and silver, the content ranging from 2 to 
40 per cent in copper, S2 or $3 to several ounces 
to the ton in gold, and 10 to several hundred 
ounces to the ton in .'silver. During 1014 a 
stringer of rich bismuth ore, consisting niaiidy 
of bismuth arsonato in yellow, ochery mnsses, 
was found in tho copper stopcs of (ho Welding 
i-laim on the 600~foot level, 

OPOHOKGA mini:. 

The Opohongi^ mine ia opened on a small 
claim between the Black Jack nnd Gold Chain 
pixiperties. At one time the worinngs were 
operated from the 300-foot level of the Black 
Jack, but lately tho Gold Chnin (Old Ajiix) 
shaft has been used, from which levels 3, 7, 
and 10 open the O[)ohonga ground. 

Tho country rock is tho Opohonga limestone, 
which dips yj^-Ab" E. and is partly meta- 
morphosed. The ore siioot follows one of tho 
north-northctisterly fissures and was fii-st foimd 
on the 300-foot level of the Black Jack near tlio 
boundary line, S50 feet east of the shaft. At 
tliis point a winze was sutd% idong tho steep 
west-northwest dip of the fissni'O and followed 
the shoot to the 700-foot level. Below tliis 
level the dip of the fissure chaiTgcs to easterly, 
find explorations are now in progress. There 
iire several purallel shoots or narrow pjirallel 
noiiheasterly fissures; all the shoots pitch 
northeast. 

The ore is siliceous and contains womo bante, 
enargite, and several arsenates, of whieii oliven- 
ite is most abundant. The ore shipped in 101 1 
contaiued 0-2 to O.S per cent of bismutb, 0,;? 
to 0.4 per cent of .irsenic, 0.2 to 0.7 per cent of 
antimony, 7 to 10 percent of iron, nnd 52 per 
cent of sihca. The principal conlcuts of value 
wei-e copper, silver, and gold. In 1909 the ore 
shipped co:»tained S to 15 per cent of copper 
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and (0 20 ounces of silver and Si to SI 2 
^old lo tlio ton. 

Tlitt Otiohoiif^a mine hjis bt^'n in suocassful 
opnmtion ^inc-ti JOOO and yioliliul a huavy ton- 
nii{,'ft in 1011 and 1012. Tp to Jmniiiry, lOi;}, 
it hud distributed dividends amounting to 
872,000. 

GOLD CHAIN MENE. 

History and dt-veh/mienU. -Tlie property of 
tlio Gold Ciiain MiniTiij Co. liea north of tho 
Opohungii fviitl is worked through the old Ajax 
shaft, sunk 1^ a doplh of I,] 00 feot. A part 
of thin property was first known aa tij© "Cop- 
pt',n)poIts and tho ^Vmerican Eajrle," later aa 
tlio Ajax Tiling, and it is dtarribRd by Tower 
and Smith niidur tlio latter title. The two 
comT>aniea aro reported to havo produo^^d l>o- 
foro ISOO oro to the net value of ;? 1,000,000. 

Tlu) Ajiix iliuinj:^ Co, continued its oporft- 
tions ' through tho old Ajax shaft to the 1,000- 
foot level and shipped Inrgo amounts of copper 
nro up \i) J 007, wlien 3,001 tons of low-grnde 
ore \v«s siiippotl from cloan-up operations. In 
lf)09 the Ajax, Cleveland, Pedro, and Gold 
Ciinin j]!:roups of claims v.'orc consolidated undor 
tho name Gold Chain mines. TIio shaft waa 
.sunk to a dcptli of L,100 feot, but "up to theond 
of the Y'-*'"' nothing of importimce liad bG<m 
found in the lower levels. Tn 1 [ somo copper 
ore '.'ontuining considerable gold and a little 
silver was protluced. In 1911 shipnlGuts wow 
continued and tlio property was developed to 
IV depth of 1,250 feet. Operations and aliip- 
ninnts roritinuod in 1013 and UH4 but wore 
st-i>j»ped in tho later months of 1014. Tho 
dividends pivid by the Gold Clioin mines up to 
i\hiy 2o, 10i:-i, amounted to 8130,000. ' 

The gnitis valuo of tlio total production of tho 
Ajax and Gold Chain operations SLn(M3 1809 
probably exceeds §3,000,000. The chief value 
of tlio ore is in copper, buti the ore also contains 
Sr» to !?1U iu gold and as a rule not more than 
10 ounces of silver to tLio ton. 

The shaft is vertical and is sunk from tho 
Ajax tunnol at a point abtiut 400 feet from tho 
p^irlttl, tho idtitudo of which is about 6,S7.5 
feet, tho l,0<K)-foot level thus about corre- 
impending to tho 1,100-foot level in the Black 
Jaeic fihaft, which lies S50 feet to tlie south- 
aonthwest. Tho now Gold Chain worldngs are 
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opennd from a u-inzc 220 feet- deep from level 
10 wftit of the A];TX sliait and just about ver- 
tically below the mouth of the Ajax tuniud, 

Ocohtj!/. — The country rock is mainly the 
Ajax limestone, but tho lower worknigs prob- 
al)ly do'^cond into tho Opex dolomite. The 
Op<_ihonga limestone is exposed on the upper 
slopes above the mine. Tho dip of tlie Opo- 
honga on tho sm^'acc is 1.5'*-30° NE., and 
Tower and Smith record a dip of 20^ NK. on 
the 'lOO-foot level. The Ajax limestone is 
slightly contact metamorphosed. 

The most poi:sistent fraeturos strike north 
and dip 70° W. to 00°. Otliers trend uorth- 
etist and u few N. 55" W. 

Ore bodies. — Tlu'eo ore bodies are opened in 
tliis mine — the Hungarian vohi, on the west; 
tlie Ajax vein; and tho Gold Cliain vein,, on 
tho oast. 

In tho earlior report - the followiug state- 
ments are given: 

Jupt wi?at III the U. S. L. M. No. 1, nt Xhc north end of 
the worldutpi [that i^s on the upper k-vcls al:nvo thi* -tOt)- 
footluvBl], vein matter is first not«d tbat<;an lioirarHdcoQ- 
tiiiuoiLiIy lo Iheeouihc-ra extremity o( th«iiiiDe. » * « 
Tlio firntvcio mrt-,t»:T isiound in a fissure (itrikifg X. .'JS" E. 
.\ shiirt di*.L-.fice f'i.al-hivest it inttrsecta a nnrih-jwiuth 
Iracliire and iollon-ing thii Boath 75 feot luf oa into n N . 25" 
E. rr;ii'ture. whit-h it follows south 29 feet, only to rt-tuja 
Ut li uorth-a -.alT. fracUire. 

The worldngs then split, the oast branch 
continuing south for 400 feet with a few off- 
shoots on nqrth-northeust^rly fissures, and 
the west branch continuing south on northerly 
and north-northoiisterly fissures, giving a gen- 
eral direction of N. lO'' K. 

In the sui-face worldngs the mineralization 
generally extends north with odshoots oil 
noi-th-northeasterly fractures. Down to tho 
400-foot level the hulls of the ore has been 
found ivlong the north-northeasterly fractures, 
tliough the ore shoot continues as rt whole on 
the northerly fraetm-es. 

Mineralization at the intersections of jiortli, 
noi-f beast, and X. 25" K. fraclui-c^s has I'onnecf 
largo bodies of ore with irregular boundaries., 
extending in nmny horizontal shoots along the 
stratification for considerable distances beyond 
the main nniss of orn. 

Tho ore bodies of the Gold Ciiain workings 
lie 700 to SOO feot east of the shaft ; they uppcav 
to follow a zone of ll-^surca that trends uorth- 
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nofthcftst and is prubaMy Ihc cxfciision of the 
Ojiohoiiira v.nnc, 700 iwl Iti llie snuth. The 
GnUl Chain ore was firs), (iiMfovcrcd oil lovi-l 
3 tlong a cross break on (Ih* Dam Pt'tiro 
olnim that, conlhiuiMl oust into i\u; Dolly cljiiin^ 
whore, a fissuro striking a littlo oust, nf north 
was eacountoroii. The ore body oxtondcd 
from level .1 (o level 7, (li])]UMl steeply to the 
east, and is saiii to huvo been 100 loot lonjr. 
The width WiJS ^onorally J5 icvt or U-ss but 
is reported t.o havo roacliod TiQ ioft at one 
phu'o. A raiso conaects level 7 with Inve! 10, 
anil explorations below level 7 v.ro. in pro|^ress. 

Tho ores arti iiir^ely oxidized in (-i:e ujipor 
lorojs, abi:o5i completely so, aceordJng to 
Tower and Smith. In the lower levels the 
ore is partly oxitlized and eames much onargito 
and oUvemte; I be proportion of eoppov to 
other moluls isuiMJSunUyiarijc,e-von larger than 
in the Maninioth mine, and iiii plaees oxidation 
has segregated tiio metals in t>eparato bodies. 

Tho ore shipped from tlic Gold Chain in 
1011 showed nineb quartz, T\nUi .sonie barite, 
enargitv, and teimantiLo. (.>xidized minerals 
wore plentiful; among Ukmh wove oUvonito, 
tnalae.hite, tyrolito, eoni<;hid('i(e, and phar- 
Diaco.side.rito. 

S<»nie assays of the ore yield 0.6 ounce of 
goM and 2 to I 4 oniiceM of silver lo the toiK 
2 to 8 per ccmf. of copper, leAS than 1 percent 
of lend, considerable arsenic. 50 to 70 per 
cent of silica, 5 to 1 1 per cent of imn, about 1 
per <-.ont o; sulphur, 0.5 l-o 1.7 per cent of zinc, 
a.n(i 7 to '. 2 per cent of linio. 

.-V third ore-bearing lissure, thought to bo 
the Hnngarian vein Qf the Lower ilammoth, 
lies to the west of the tiluift and tho winzo 
mentioned above is sunk on it from level 10. 
Tliis vein dips west, is about 5 foot wide, and 
carries lead-silver ore of shipping grade. 

LOWEB MAMllOTH MINE. 

Location, and iJr.uehpm'eht.— Tho Lower Mam- I 
moth mine hes just south of tlie town of | 
Mammoth and on the cast and southoast is 
adjoined by tho Black Jack property.^ The 
mine was opened Ijy tunnel only at; tho time of 
the oarlior report, and n Ii.^3uro vein has been ; 
found 650 feet from tho portal, eontammg 
mainly load and silver. 

Tho jatitiide of tho tunnel is 6,67S feet; the 
shaft is sunk 650 foet east-southeast from the 
portal, to a depth of 2,000 foeU Tho drifts 
and crosscuts aggregate sovoral thousand foet. . 



The lower MannnofU groimd is al.^o opened by 
11 cros.sei;t on the l,:VJO-f£)ot level of tiic Black 
Jack, eciual to the 1 .l)00-l"oot lex'cl of ihr. Lower 
Manunotli, llio crosscut roachiiig both veins, 
Water t^tiinds a few feot deep on the 2,000- 
fnot level. 

Geohfpj. — ^Tho country rock is orystallinc 
limestone or dolomite of the Ajax and Opox 
formations. In part tho carhimato rock is 
sfrongly contact-metamorphosed, though sili- 
oato mineral are rare. Tho mefarnorpiiism 
does not ever\nvhere seora to be proportionate 
to tho distance from the contact. Whom 
bedding is visible it dips about "20" SE. The 
principal monzonit^c c:.>ntftct is crossed by tho 
diifls on the lower hiveLs. A diko 25 feet w!de 
was found in the tunnel oOO feet from the portal, 
and at 600 feet fnun the jiortal tliero is a zone 
20 feoii wide uf crushed limestone, whicii is 
beally called "the dike"; this has apparonlly 
no eoimection witli the ovo bodies. Very 
eoavso crystalline limestctno i.'^ found at the 
shaft on the lower lavels, o.^peci ally in cro.ssculs 
toward the west. 

PruducVkm. — The t^ital production from 1001 
to lOIfi amounted to 44. 4!)."? f.ous of ore, whieli 
yielded 2,046 oumts of golil, 7117,022 ounces of 
silver, 5^0,707 pounds of copper, H,002,vSS!i 
pounds of lead, ami 2,105,058 pouods of zinc, 
having a total gi'oss value of .SHM,*i2S. Mueli 
costly exploration work has beer, undertaken, 
and tJu^ dividends paid to the end of 1916 
jmiouutcd to .*75,073. The output comprises 
mostly silver-lead ore and or.ly a. Httlo cfippcr 
nnd z:nc., 

Oi-r bodiiff. — TIio operations have di.sclcwed 
two veiiis 150 fe(!t apart near the shaft, btith 
striking a few dej^rrc-i oust of north; so far as 
known they do not cmitirme nortliward under- 
uciith Mammoth Basin, The deposit? arc dis- 
tinctly repJaceu;»:iiit veins, stjind nearly vertlcjd, 
and do not spread widely along othi-r fracturrs 
or along stratification jdanes. Outside of the 
ore sluiots tiio Ussurcs are inconspicuous and 
naiTow, and nnmy of them branch and include 
boi-ses of limestone. 

Tiin eastor nungarian vein has been opened 
300 feet north-nortlieast of the shaft 1)3' a drift 
frttm ti-c C^ppi'tvpoiis claim, in tho Ajax 
workings, but apparently witliout yielding a 
production. 

Olil workings fnnri the oOO-fnot level down to 
the 1,100-foot level discloseti long, narrow lead 
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shoots from .") to 30 foot \viili\ sloop nt tin' top i t,o tho ton. No puyment was receivi^d fur the 
and tlatteniui; out below. (Sco fig. S'i.) This isnuiJl aopptn- f^jntnnt. The oro in tli6 monzo- 
deposit lA now worked out, rttid cxplnnitioivs 1 nito is distinotty differont, chatii^ing J^rruiluaJIy 
on tlic 1,500 and 1,700 foot lavt'ls huve .shown \i ^I^p, coruact. It cuiUnms much pp-ite nml 
littlo ore l>olow it, though the vein continues y^jnc blondo ami it ii(.l.lo gah'ua, with sonm 
wclIinnrlt(Ki,3 to .'i feet wide, siiid cumc^lMHi^lKis Qimr^t«aud tctr.-jheJrite, in agrtuLjiiool qtitirlz. 
-of li>ad audnxidixodcoppwcre. Tlinroarosiii<I i>ju-ite, aud, on tho 2,tK)()-foot Un-ol, r littlo 
to bo sovornl nort3iorlyonvl)(>arini; vi;iai>t'arlh('.r r.nlcite. One shipmeut wns niiidp (»!' copper 
east, towiird tho Bhick Juolc liiiP. j ore from thu ],7l)0-foot Icrel, in rooazonite, 

On tho wnst vpin, almost oppiKsite tbo shoot and Ho tons of tins oro containiMl J4 per cent 
on thr Jrunganaii vein, in nnothcr piptiiiko of coppi'.r, 42 piv ceiil. of iasolul>hwn:Lttor, 10 
shoot of lend ore that bus i»eoii foll;)wftd from per cent i>f b-oii^ 3.5 per cent »d' "speiss" 
th(i 40()-foot level to tho 1 .noa-l'oot IhvcI, wacro j (nrsonidns), ;>.6 per cent m' zitic, nnd Ili ounces 
itflMltcns o:it. Small bunches of ore havobecu of silver to the ton, 

found undn^rneath it on tho l.'iOO- ^ 

foot lovol. Tho dopper levels 
<iown to 'JjOOOi'cethavGiiotsiiown 
anylrtrgeorehodiea balow tlnsup- 
pei'shoot. In depth Iho vi-iti be- 
comes vortical or dipsslightlye:»8t. 

The iai^ost ore shoot in tho 
muu' wns found on thU v(;in in tlie 
1,600, 1 ,700, and 1 ,800 foot levels, 
500 fcot south-southeast of the 
shaft. Itissaid thattheshonl-ox- 
tends froni the 1,200-foot to the 
l,SOO-foot lovol. Thisshool:, tho 
outliiio of which is shown in fi^'ure 
34,hasyicldedabout8200,r)00not. 
Its vniunhlti part lies alonj; tho 
monzoiiito contaet, though (ho 
vein culs through this conlnot 
and contiuuos in tho nioujconit^^ 
whore it is narrow^er hut still of 
good value. The vein outside 
of the fc-hoot ia well defiuod and 
9traiLf;lit and is marked oiuelly 
by siiiciiicntion sproadiuf;; from a narrow fissure ; 
in placoa tiiero arc also liinonito and xaoLn 
ttlouii the vein. Durijij^ tho witer's visit In 191 1 
tho oro-bearing vcm wn3 li-aced carefully on Uic 
1 ,7<)0'foo t level across the contact and for 50 foot 
into porfoctlv normal though soft and pyriO*^ 
monzoiiito. "Hore the vein is 4 to 6 foot wide 
and contains several heavy stviiij^e.rs of ore. 

The ores. -In tt\e lead shoots, whicii contain 
a trace of copper, tho principal gar.guc nxinorols 
jLre silica ar.d harite. Small bunche.^ of o.vi- 
dizod cimpcv ores were soon (m the east vem on 
tho ), 100-foot level. The lart;e shoot on ih^. 
west voin at the contact avmiijed S2.ti a ton 
andcoir.ained al)out 20 percent of load «nd - ' 










■ounces of nilver and at least O.Oo ounce of goUt 



FiaORR 3^.-L«^^a'l^-*' 5«il«i o*"*"?* "' eonUi-t orjnoiaoiillaiu.il limisl.mo. I*wr.- 

.yitnmi-iOi luiiw. 

Tho lead ore in the bi-^ sIkkjI near tho con- 
flict was Imx'^ly oxiili/.o<l. It contjiiinMl little 
xino but rocenC oxaminntinns have .sliown that 
iinmediatelf nortJi of this shoot tho idlorcd 
and cluycy limestone contains much zinc car- 
bonate, which ill places ciirricd as much as 
3o per cent of /.ittc Thi.s body of sde-ondury 
zinc oro is no doubt tho result of mii>;r!itiou 
from tho h\^ shoot under the inUueneo of 
northward-moving surface waters. Similar 
bodies of y-**^^ ''i'*^ ha^'O been observed 
from tho l;.3n(M"oot to the I.SOO-foot l..ne.l, 
extending buck nl(in<5 the drift from 50 to 200 
fL'etfroin thestoped body of lead oro ((iy. 34). 
These bodies are up to 40 feet tJiick but ovi- 
dcnlJy very iiregulur. Most of this i>rc is of 
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lowor pjadc cnntuining only 10 to 15 pvr cont 
of zinc. According; to IC. I{. ZiiJinski ' this ore 
iilso contiiina 1 .5 ounops of sihiT and 20 to HO 
cenlM in gold to the Um and 0..") fr> 1 per cont 
nf loud. Sliii)mi--iit.s of oro umonntlng Ui DOO 
Uins from t.lic richor part of thi--^ oru hndy htve 
bcun mudo. 

Ill tlin annual report of the (.■ompaiiy for 
1014 tho partly dcvolopo^l zinii ore 13 estimated 
lit 20[),IHIO tons, hav-ing an average zinc con- 
leiit. of V-i p<'V cent. 

BLACK JACK MINE. 

DtMdnprm lit. Kxtensivi' pi-.)spf>(;ting opc;ra- 
lioiis hiuo hc'OM imiU'rtakoii in tlio Biack Jack 
niiiK>. oM'iU'd by .Icssii Knight ar.tl associati-t?, 
of ProYO, Udih, Tlio shaft is tit tho head of thti 
aoufliom l)i!inch of Mammoth CiuJch, at an 
nlf itiide of {i,(lG4 trot, aco.ording to esm-Toys hy 
tho owTifi-s. It is 1 ,-100 foot dciip, and the bot- 
tom is t!ry. A tviniiol 2,: 00 foot longoxtonding 
nol■t^l-lHlrth^^'cst^var(l sttirts froni Dragon CnJch 
noiir tlio North Star tunnel at nn ultitmlo of 
G,7I2 I'cot and repro.^onU the aecond lc\'oI of tht* 
.shaft. Tho ])rincipal kwoln oro nbout 200, oOO, 
1,000, l,:iOO. and l.iOO foot below tho surface, 
the exiict nititudo uf the lowest hchig 5,584 feo-t. 
or 1,3S0 foot below tho ooUur of the shaft. Tho 
lolul dovelopmenls amount to 2;jj770 ILiUiar 
foot, 

On the aoO-foot level drifts extend 1,300 foot 
oast into Opohouga ground and 600 feet north. 
Tlie K400-foot lovcl nxtmids 1,000 foot south- 
oast iiiul 1,500 foot east. On the 1,000-foot 
level explonitioushavo also been carriotl nearly 
1,000 feet oast. A whizo hiis boen sunk to tho 
l.GOO-foot level 700 foot aoutlieas'; of the shaft. 
The mine was not in opwrntion in 1911 nor in 
1014, ao that few direct oliservutiony could hr. 
made. Unfortunately these ext<^nsive explora- 
tions iiave not been rewarded l)j' tho disooveiy 
of many oro bodie.s. 

(n'ology. — Most of tho workings arc in the 
contiiot-metiunoiphosed zone of the Opohonga 
und AjrtX limestones, whieh havo a flat easterly 
dip.butsoraeof (hodrilts tothcwestand south 
midoubtwlly cross the monzonito cout^ict. On 
tho l,40(Vfo()t lerol the main poi-phyiy e.ontiiet 
was renclie<l 450 feet southwest of tho shaft. 

A few ei-osrf. fissures tvouduig N. 45°-70'' E. 
lire exposed; tho largest one, which extends 
oast of tho pluift on, the l.tKlO-fm^t level, coa- 

> Knt'. ami Min. Jo-jr., Jhw Ji, I9ia, 



tains quart/, with some silver and gold. A 
strong norlhweslorly itsHurrtcontttirung some oro 
was follomd ou tho 400, l,:iO0, and 1,400 f'-X>e 
le\'els antl roiiched Lower Mammoth gromid 
200 foMt northwest, of tho shaft. This ore car- 
ries loiid, silver, iiiul a trace nf gold, espoe.ially 
mar tho hower Mammoth; it is also said Uy 
caiTv pockets of initivo silver on the 1,300-foot 
lev.'i. 

The most prorionnrod troml of the fissures 
is north-hortheast, with tlips of 70° W. to 90°. 
Tluiso fisaiu'os form a st-rong zone a few luui<irod 
frot east of the shaft across tho Black Jack, 
Trail, Phoenix, and Opohonga claims, and they 
pass into tho Gold Chain property north of 
the ()j>o'uonga. They havo been opened on the 
200. 300, 1,400, and 1.600 foot levels. Most of 
the Work is on the f, 400-foot k^vel, nn wliich the 
fissures ha^'o been followed for 700 feet soiith- 
soulhwestwii.rd from the Opohonga boundary. 
Some ore Ls aaifl to occur along the fissures, and 
nmehof the quartz camessomo gold and silver; 
both copper and lead ores are aUo found. 

The li:nonito deposit a few hundi'ed feot 
south of tho Black Jack shaft is evidently super- 
ficial, anil it is said that it does not continue 
do\v\\ to the 2()0-foot lo\'eJ, which undorenta it. 

MINES OF THE GODIVA ORE ZONE. 

A series of lai'go ore bo<lios extend under tho 
eastern sli)]>cs of Godiva Mountain and Xfam- 
moth Peak. They begin at the north end of 
Godiva Mouutain with the deposits worked in 
tho Godiva mine; thc-so extended 1,000 feet to 
Ih.e south. A few hundred feot to the oasl 
another senes of deposits begin in the Unele 
Sam claim of tVie May Day nrine *■ and continue 
south into the Yankee and Old Humbug mines. 

At the north end ot' Godiva Mountain, wliich 
is matlo up of the Pine Canyon limestone, tho 
Packard rhyolito flooded its slopes, and oven 
now, after deep erosion, Uiiek remnants of this 
flow lie. up against tho limestone. The entrances 
to tlu^ Godiva and Mfvy Day mines arc gained 
through a few hundred feot of rliyolite. 

GODIVA MINK. 

Th.o Godiva mine ia at the north end of 
Godiva Mountain, antl tho collar of the shaft 

Di;j-t.'l!ritTv-^, tuidoce r/lhoVfor'ilD.asli^Li ttioifwnnTlyf-'l'.'Jirio Undo 
%mKli3(t. 'ri'raWorklrcs cttlhtitwolIiuahiiicd-iJauliavo h'-<-.\ cmir- 
nUj' ionvm fts thr Miimbu^ niiiii.', but ihh niiiu- is nmv flwiwd hy ihn 
l.iiielii 5aiu Mimni; Co. imd ]\ms Lnvn i^tjiiii'iI tliei U'lirle Sam minp. 
TliialftliVBlytonuie^oiiIusJfiDiuiios.sthrfiL^ts^luli'damtx^mi'lBnilii'i. 



m:.m;.s is iiic sr::Di:Mi-:NT.\RV i-'(H{M.\-|-ion's. 
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has ati alfituilo ul 7,112.". Jccl- 'Hit' (irpth is 
about 000 (vol, fliid nine Ifvcls an- Uuiit^<l; ^ 
tujun'l ind'ist'c.ls tin-, shafl on \ho -JOu-l'oot-levc-I. 
The wuikiiigs rxtciul :iIxiims.I lUu'' noiih and 
soiuii, ivtifhlng 000 f<'f'l imrlli ;:iiil 700 t'eot 
south of ihr. shiit'l. but do iml. jrcniTaUy foniK'c.i. 
with tlioso on the Cucio .Sum flnini. (Mji;v Du\- 
nj'uir). whlcli lio only 100 lt> ^OO h'ot to Ui«Oiis(,. 
The properly vii« not workoil in 191 1 hoc Intrr 
oxropt by loss(ics on a small srulo. Tho lutal 
producl'uMi liiis not l.H'CU ina<U' ]>uMir. 

Tho rh^'oliie nn<l limestone loiitm-i. lies close* 
to the shiil'l, mill all tho kiv-cr sltiprs arr occii- 
pici! by the rhyoli!.<>. In so.vltuI of the work- 
ings, notably on lh& 200, 500, and 6l)U Uml 
loveU, this contact is c.vposwi (p. 180). The 
rest of llic V'orlunjis afe in ihr Vme Cunvon 
limestone, wliich sLrikos nboiit N. l')° W. utirl 
ilips sU-eply oust. T!io- pi-incipul iractnros 
strike nurlh ami N. 30° W. 

Tlitt ore hodU',-? mainly follow tho northpily 
frtu'-turo:* with aoino on's<'[i along loonl I'voss 
frantui'as. On ihc. lUO-l'oot- level tho ylopt-s. 
extciiil almost conluniously for 300 foet north 
and 500 tVct south of the shnfl; they trend ii 
few tlegiTMW east, of north ntul attnin a- \vidth of 
30 or 40 fent. The ore bodios are also foiuid en 
tho 200, <1U0, and oOO loot levcly belou- Ihc 
upper stop<'.s, but thi\v are smaller here and for 
tho prt^sont developme.nl or. ihc deep levels hr.s 
ceasc<L Small »nd incgular oro bodies vcro 
fouiu! on tho 200 and 400 foot levels respec- 
tively 100 nati 400 feet vest of the shaft. 

The ore is largely oxidized and consi.^ts 
mainly ot ccrusitc, anjjlesilc, and giik'^na; it 
contains comparativoly little silver and is 
said to tiverago 9 ouii04.'s to the ton. 

TirrRo piuirEKTY. 

Tho Totro mine lies a quarter of a mile wosl- 
northwest of tho Godiva shaft and is not on tho 
line of any rccoguii'.od ehaiLnel. It is opened 
at an altitude of fj,743 feet by a tunnel vrlucli 
for 275 feet pvisses throup:h rhj'olite.. (See p. 
ISl.) Tho Totro workings comicct%vitii those 
of the 0<Kllva on tho GOO-foot level by a shnit 
sunk from the IV-tro tunnel. vSome ir.inori.iized 
ground showing a little silver has becu fouiKl 
but no oro bodies. 

WAV P.VY Mixi;. 

Devf^lopmtmt, general cUntfhr, and in-odw- \ 
iion,--'\'h^ May Day and flnclo Sam donns are i 
now o'pcrated by the May Day Mining &. Milling . 



Co. They arc ou the aortheastcni .slope of 
Go<livn Mouiit;uu a- fewh'imlrcd feet east of the 
Godiva nine. In 191 1 the property \vii5 
workoil both by (he companies anrl by lessees, 
iwelvo st^ts of le'isees l>eing I:usy lieUvin-n (he 
lunncl levels and tho l.OOO-foot. leVel. 

Tho mine is openeil from the north by the 
upjjcr anil lower rncle Sam tujuiels. at alti- 
tudes iTspeetively of 7,1 15 and 6,931 feet. Tho 
Uncle Slim shaft is sunk from llio upper fuiuiel 
level through ilie lower tunnel to a depth tif SUI) 
feet: below the Imttom of this shaft tho gmund 
is oi)onei! by i; wliizo 300 ivvi ih^ep. The Miiy 
Diiy ;uuiu'i.inis its i>o:-(al »t nti altitude of 
7,U2 iw^i, SOO f<-e.t oast^stnUheast of the Unele 
Sam hhiift, and 7Sn feel, from lliis porlal the 
May Day isUaft is sunk t'roni the turua-I level to 
ft depth of 500 feet. The workijigs lun-o a lo'.id 
ienglii of luiuiy thousand feel. 

The nmies are \V()rkod on the Gotiiva eiunmel, 
which oritni's t!io pmporty at tho south corner 
of ihei May IHy claim anil branerios; to (ha north 
into tiiG Godiva eiiiinna! proj>er i\\v\ a "new 
channel" I.o tho oast. South of tao May Day 
claim the eUamad widens in (he (lat liniostuno 
country niek to JtlO foot and f(>rms a notwoi'k 
of flat, oa,st\vnrd-di])]>iiig doposils. 

The om ctintnins ranijJy load, silver, and 
zinc, with oniy traces of copper. Tho lead ores 
are in part osi<lizc.d ana in part curry galonu, 
but all the zhic (tres thus far workeii are 
o.^idized. 

Tho production of tiie May Day from 1901 to 
191(> amou.'ited to 9o,2Sl tons of oro, which 
yiulded 6,000 ounces of gold, 901,48.> ounces 
of silver, 4,S06 poimds of copper, 25,726,7*1:1 
]>ounds of lend, and 5,204,632 pounds of zin*^, 
iiavuig a groes value of S2, 2^0,102. la addi- 
tion to this quantity 15,500 tons of chuup 
material was shipped in VjlA, yioldiug corusid- 
erablo gold and silver. Tho Undo Sam and 
Humbuguiinosbetwoon lS06andlOIG,iadusive, 
pi-oduced I0!),00o tons of oro, whieli yiidthul 
S,575 ounces of gohl, 1 ,869,00!) ounces uf silver, 
17,277 pounds of copper, 213,770,.545 pountU 
of load, and 384,;i2;i pounds of zinc, having a 
gitiss value of S;J,'266,52^. Tho dividomis (»f 
tho May Day Mijiing Co. up to IftJ ij, inehisivo, 
aDWuuted to §300,000. 

Oiohy(j'j.—0ii tho 7u>rth and northeast tho 
Packard rliyolito is exposed and rests ngainst 
tho limestone up U> un altitndo of T.l.'iO foL't, 
80 that tho lower Undo Sam tunnel imd tho 
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May Day tinmol orUor in rhyolili^, but witiiin 
a sliort disLnnoo (.hoy crosa thft contact. Tho 
I^ricli; Hara shiift in sunk tlLrough rhynlilo to n 
tlnjith of ."iOn fret. Thn <-oui\l.i'y rc.vk consisU 
fhiofly r»f llio Pino Canyon limoslono in ft 
purl of the Goiljvii s\nir)irm. Tiie flip run not 
<.-.\v.vyv.'horvt \w iisaMltiinoiI, hut it nui^ps gon- 
oriiUy fi-om ^O^-riO" R. or XK. liclow iho 
I'iiio t'iuiyon liiuiisloiui tlio workings ouliir Uk* 
GiLivinnr dolomilo, wliicli. contjiins lonst^ of 
hltLi'k ^[umIo. 

Tho oidy intrusi\'o liirily Uius far fnund in th(^ 
lirntr;s1«)iic; In Uu'sow'oi'kings is lj. d:ke of rhyolito 
iilotijx l!io oirst rhannol. On Idvol o it lios 2;H) 
font Wffst of tin: shiift und is 15 ic.v.i. wicin; it 
lii-.>i Imioii follf.wccl for not) ffip.t, antl towai'd thn 
sontli llio width in('i(>as(ts to 100 feet. Tho 
sr.nui dikti i.s found on Mm 200 iind 300 fool. 
Invi'Is. in tJLo liinnol ibis diko h;ts hutm t'ul- 
lowrd fur abniit SOO foof.. Tho tUke dips stenply 
to lUn oast, !Uid tbt; oni of tho (mu^I chamicl Hob 
in fii^inuiral bidow il. 

Tlio niino is in j^onornl dry. cvt'u in tho dcop- 
ost woritinj^s, hut iilonj; tho contncis of rhyoh(o 
)\m\ limestone thoro is ii consitlcrnblo pouptign 
of wjitor, ricli in sulphrtlcs iiiul unfit to (h-inlt. 
J/ricft: Sa/f v:orHft(jS {May Day Tfiiiic). — Tht.i 
ii])por tonriol, (ho porliij of which is itt tho 
shafl_, altitude* 7,1 lo fnotXin long :u\d rontiiins 
numy of Llio onrlior workings. About 3j0 fnet 
wouthwnsfc of tho Undo Sam shitft tho cros^icul- 
roiulios tlui ]ino of 'bo Godivn chiuniftl, whicli 
horii tixmda northwosi . Tho workings oxtend 
nuM'o or loAs continuously for 500 foet ^outhottst 
of tluH point. Tho loved oxtond^; 800 fwt 
fftrthor south into unprodurtivo territory uiul 
i-linn boTuls oust foi- r fiiw hundrod foot to reach 
tbo llat, workings in tlio Mimibng claimj also 
on Llio Godiva cbnmioh Tlidso workings aro in 
piirl. on l!io lovid of tho ('ru'lo iSinn tunnnl hut 
mainly on tho Yntdcoo tunnol lovol (altitmh* 
7.01!) foot). 

Tbo old W(irking5 ttn the wosl chamiel <ni- 
(lontly followed fr.-iclUR'S oxtcuding north or 
iiorlh-iiorlbwestorly. One of the ytopos is 
100 foot long and as. inuob a.s 40 ft^ot wido an*l 
cxlrudod at most. 200 fiiefc hdow tho ttinnol 
lovol. The oro hodii)« reuciicd up witbin 60 
to loo fcL^t of Llie surface — that is, about 
200 foot above tho lunnol Jovel — wlioro llicy 
wore Li'regnlar, stcoply dipping shoots outting 
tbo st:iit,ir[cation awA having ii verticnl extent 
of iibuut 400 foot. Some galena ore was es- 
•raeted from tho tnunol level in 1911. 



Tower and Sniitli ' refer lo one of the de- 
pojiits as an irregulai' chimney, whose greatest 
width was 4 lo 6 foot-. Its eoui'se was north 
to noi'thwcsf, and it pitched southeast at 
ail angle of .30°. T!ic ore, aoeording to these 
iiulbors, contained litlle but galoiia, 2,000 
tons averaging G.').o jior cent of lead, 2 per cent 
of iroa, and A j)er cent of icine, the 7,inc prob- 
ably in (,be form o( oxidized minerals. The oro 
shoots are sharply outlinoti, and the surround- 
ing limestone islittio aileron. 

JJtcpcr v:orl'in(fH.- — -Tlio explorations on the 
dcejier levels from tho Unclti Sam shnfl Inivc 
failed (o ditsoover other oro botiios. On tbo 
Oodi\a eliannel small stopos are shown on tho 
27;>-foot levid. 

The principal workings of the lower levels 
are on tlie ''cast channel,'' wbicli crosses the 
claim diagonally, trending north or north- 
northwest. The ore bodies are best seen 
on the 275 and 500 foot levels, A dike of 
porphyry lies along this channel; on tiic TjOO- 
foot level it tirst appeal's 200 feet southwest 
of the shaft and can be I raced for 300 feet, 
Tlio. diko ilips east at a steep angle, and tho 
ore Ijodie's he below it. On the .'iOO-foot level 
some galena ore is found along the dike^ and 
helovr this lies some gold ore ■\vith much oxi- 
dized maU'iritil containing ii'on and manganese. 

At tile Uncle Sam shaft on the 70»>root level 
the limestone is brecciatod and siliciiied, but 
Ibis fractured zono is not in Ime with any 
kuoNvn ore obannel. This wide body of siii- 
eeocs rock continues nortn-northeasterly for 
3n0 feet from tho shaft, and a winze has been 
sunk in it \x> a depth of IB feet. In places this 
material contains a lit.tlo silver. 

On the SOO-foot level extensive explorations 
have been carried out undcrnouth the upper 
ore bodies. The country rook ia the Gardner 
dolomite, lying underuoath the Pine Canyon 
Hmestoue, and the prevalent dip is 25'' NE. 
About ."ioO feet north of the shaft a pipe of 
galena (ire has been opened, and similar ore 
has been picked up from a winze going down 
lo the 1,100-foot level, the lowest in the mine. 
This is on the easterly branch of the Godiva 
ehannel. 

^fll\| Day worlch}{}S. — Tito May Day claim 
liari been worked from the May -Day shaft 
{tdtitudc of coUar 7.655 I'cot), wliieh is 500 
feet deep, but it is now opened from the I.'ncle 
Sam shaft. A numl>cr of easrward-dipping, 

I Tavrer, a. W., Jr., m/J SnUUi, O. 0., Op, clt,, p, 750. 
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aenrly flat oro bodies of giiJcrm hiivo licon 
worked here from above Llm 100-l'oot level 
dowTi to the 400-foot level; Ihoy rcprosezit tho 
northward contiuuatioa of the Godivu channel. 
Od tlie whole the ore bodies pitch to the north. 

In 1911 oxidized zinc ores began to bo ex- 
tracted in the May Day claim. The stopts 
then seen wore on the 300-foot level, 100 feet 
below the lower tnnncl, iilong the east chjinjicl. 
The zinc onrbounte was lying bolow tltc lead 
slopes ujid formed raat^scs of roplucod lime- 
stone 4 to o feet Ihiek. The ore contained 
about 30 per cent of zinc and 1 ounce of siJvcr 
to the ton; thero was no gold imd little galena. 
The change from galena to oxidized zinc ore 
took p]:ioe gradually, and where lead and zinc 
\reve mixed the ore contained more silver 
than elsewhere. The lend shoots along the 
eiiat channel were from IS to 30 feet Nnde and 
contained heavy galena ore, mostly taken out 
about 1905. The mining of oxidized zinc 
ores hes continued, and iu 1913 Mr. Lougliliu 
obtained the following data bearing on their 
occurrence: 

Zinc ores of the May Day Jiihte. — The oxi- 
dized zinc ores of the May Day mine thus far 
n'orked lie both verticiUly beneath and also 
down the dip from oxidized lead stopes be- 
tween the 200 und 500 foot levels. Their geu- 
3ral outhnes are rougUy parallel to those of 
the lead stopes, but olTahoots from them extend 
"or siiort distances along proniiueut cross fis- 
iui-es. Tho main stopes at these cross fissures 
iiave gi-eater than tho average thickness. In 
iome places the lower and only partly oxidized 
margin of a lead stope merges into the upper 
part of an oxidized zinc ore body, and galena 
IS mingled with smitbsonite and moi'e or leys 
sdamiae. Any zinc blende originally pi-esent 
trith th.e galoua in these places has been re- 
moved. In fact, no zinc blende has ever been 
noticed any\vhere in the nnne. Tliis mixed 
jdenivsniithsonito ore fc>rms locally the biing- 
ing wall of the Cpiu'ely) zinc ore. Other bodies 
3f liigh-grade zinc ore, including the most val- 
uable one, are found at considerable distances 
from the loa<l stopes, though connected \vith 
Lhem by fissures and by pipes of zinc ore. 

The zinc ore is found both in nmnoi-ous small 
bodies idong fissures and bedding planes and 
also in larger replacement bodies of UTcgular 
autliue. (See fig. 23, F, p. 172,) 
104:105"— 19 15 



The smaller 



bodies are chiefly fillings or purtial fillings 
without any conspicuous amount of replace 
ment, along fractures or open bedding planes, 
nnd are quite as numerous in the hard fine- 
grained cherty limestone as in tho coarae- 
grained limestone. The cherty limestone has 
in some placea, where numerous open bedding 
planes oi' fractures made conditions favorable, 
undergone distinct replacement, leaving unrc- 
placed chert nodides in the ore, but such re- 
pldcomeiit bodies arc small and lie close to the 
openings. Intei-sections of flssmes with one 
another, with open bedding phmes, or with 
rnlatively pemieable l>eds, as well aa local 
openings along bedding planes of a permeable 
bed, have provided favorable phiccs for tho 
formation of pipes of zinc ore. Tito ore in 
such pipes may have so completely tilled the 
openings and replaced the adjacent rock that 
traces of tho couraes followed by the waters 
depositing the ore ore concealed, and the origin 
of some of the pipes would be a puzzle so far 
as evidence concerning them alone is concerned. 
Tlie larger replacement bodies are, so far as 
it has been possible to study their wallg, devel- 
oped in the coai-sc-grained lunestone. The 
largest body, wluch has thus far yielded moat of 
the May Day zinc ore and which is now stoped 
out, is of generally rounded outline (fig. 23, F) 
and extends for a considerable distance across 
the bedding, suggesting that practically com- 
plete replacement had occurred iu a place 
where the coarse limestone was rendered espe- 
cially permeable by fractm*ing and the opeimesa 
of bedding planes. Offshoots t'rom this largo 
body follow bedding planes down the dip, 
either between eo arse -grained strata or be- 
tween ft thin fine-grained and a coarse-grained 
bed. Other i-eplacemcut bodies were seen to 
end abruptly against limesttme, save for a few 
thin layere that continued idong the more open 
bedding planes. 

Tho zinc ore was discovered on the tunnel 
level ill the footv/;ill of a lead stope and was 
followed downward along pipes and irregular 
veiiilike bodies nearly to the 400-foot lerel, 
where it opened into tho large body. The Im-gc 
body diir.inished downward to a thin streak, 1 
foot or less thick, which when seen (June 5, 
1913) was being followed idoiiga bedding plane, 
Lead carbonate slopes have been worked 
below the 500-foot level, but no systeniutic 
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prospecting around them for lussociftted zinc 
ore had been undei"tiiken up to June, 1913. 

Three distinct viirietiea of the ore have been 
niincd^brown, iron-stained massive ore, mostly 
limited to the upper atopea; black, manga- 
neso-stuiiied ore, found mostly in tlie bottom 
of tho Kinc workings; and the gi'ay, unstained 
ore thfit hus been found tlirf)Ughout the zinc 
working. 

Gold ores. — Sonift of the irou-stoined soft 
ranteritvl 1 to 2 feet thick Ijnng underuealh the 
leud slopes in tho May Day claim contains S30 




tluuBB 33.— I'laii of workings nacr the Hiimlmj; lunuol. 

to S70 a t^n in gold and was mined in 1911; 
thia ovo contains only IJ per cent of lead, 
probably in oxidixed form. The loud stopes are 
lu much as 20 foot wide and areiugonersl on the 
beds that dip at moderate angles to the east. 

OODIVA CTL^NNEl, lit THE HirMBUG AXD YANKEE 
CLAIMS (UNCLK SAM AND YANKEE MINES). 

The Godifft chamiel leaves tho May Duy 
claim otitssoutUoaat conicv, where lead slopes 
25 feet wido wore miucd on the 100-foot level 
from the old May Pay shaft. Undoroeath 
some of these bodies of galena gold ore was 
foimd, consisting of a red or brown oxidized 
matA^rial. Tile ore chamiel owes its position to 



the int.eraection of a scries of northerly frac- 
tures with limestone bwls suitable for repiat^- 
ment. From the point mentioned it ha-s been 
truced muro or less nontinuously throue;K the 
Yankee and Huml)jg clatrns for 1,300 feet to a 
point on the eftstoiiy dislocation which about 
coincides with the westward extension of tho 
Bullion Beck tunnel, and from this pohit tho 
channel is more or less continuous southward to 
the Northern Spy, Carisa. and North Star, a 
distance of about 10>000foet. 

The workings in tbo Humbug and Yankee 
claims occupy a width (in horizontal 
projection) of 100 to 300 feet and a 
length of about 1,000 feet. (See fig. 35.) 
Thoy aro chiefly on the Y'ankee tuimcl 
lovei (altitude 7,010feet) and the Uncle 
Sam upper tmine.llevelof tlieMayDay 
mine (altitude 7, lOSfeet), though some 
of themdesccnd 200feetbelow thcY'an- 
kee tunnel. The individvial deposits 
Teach 200 or 300 feetin length in ageu- 
oral northerly direction and are usually 
a few foct thick. Their origin is un- 
doubtedly connected with nan-ow 
northerly fissm'es m the limestone, but 
the deposits themselves follow the flat 
bedding. Tlieti- lateral extent is rarely 
above 50 feet. 

The Yanlvoo timnel extends through 
rhyolitofor300feotlrom the portal and 
then eutera the Humbug fonnation, 
which hero is nearly fiat. (See section 
A-A', PI. V.) Before i-eaching the ore 
bodies the upper membei'sof the Pino 
Canyon formation are cut, and the oro 
is probably wholly in this formation. 
The dip of tho strata is lO'^-SO^ E. 
Tho oro bodies opened by the Y'ankee tunnel 
have been fomid in three " channels" — the cast, 
west, and middle — -all comiected by pipes. The 
eflst and west chamicls are the same that have 
been described mider the heading "May Day 
mine." They both follow distinct fissure-like 
northerly courses across the greater part of the 
property, the oro bodies Ijdng mostly in hori- 
zontal position, with here and there a down- 
waj?d pitch to the north-northeast (diagonally 
along eastward-dippilig beds) between two 
horizontal portions. This attitude continues to 
a point southei^st of the May Day's southeast 
corner, where both channels tm-n northwest- 
ward, following gently dippuig beds of coarse- 
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grained limestone, and oi'e cx^ntinuous with tho 
flat stopos of thvi May Day. Tfic bottom of the- 
WB3t channel shoot lies along tho roof of the 
300-foot kvcl. At the >!ny Day luxe it extends 
upward in pipe form, trcntling N. 45° E., pre- 
sunaubly along a cross break, and connccta with 
the middle and east channola, meeting the bit- 
ter at the 225-foot level. 



Ore is confined to the easily replaceable coarse- 
grained limestone beds, where they aa-e cut 
by northerly mineralised fissiu-es. A fine- 
grained to den-so cherty bed forms the exact or 
approximiilo footwall in places but appears to 
have been impervious to the mineraIiy.ia<T solu- 
tions. The covering of debris on the siirfaco 
prevents an accurate detenniuutiou of easterly 



The middlo channel extends southeastward or northeastcrJy faidting, but a fmdt trending 



from this novtheastwartl-trending pipe at tho 
May Day line for 700 feet and pinches out be- 
fore reaching the south boimduiy of the Yankee 
ground. Its top is level Avith the bottom of the 
east channel and lies 75 feet farther west. 

The west channel contaijiod two rich shoots, 
one at the Hnmbug claim lino (No. 5 stops) and 
one near tho May Day line (Jewel Box stope) ; 
the latter was at the top or upper ends of the 
oro bodies. The minerals in these rich shoota 
were chiefly hora silver find ceruaite, with a 
little galena and u quartz gangue. The silver 
content ran up to 50 ounces to tho ton. The 
ends of tho ore bodies, on both north and souths 
were in quartz, but the sides were in vuggy 
limestone and were not; sharply defined. 

The ea.st and middle channels bad no extra 
rich shoots, but their good ores were practi- 
cally continuous and gave 'higher retui'ns. 
The ore of the middle chamicl averaged a 
httle better than that in the east and west 
channels. Tho ore in the main ore bodies wes 
a mbcturo of galena and ccrusite. Smithsouite 
and caJaaiino formed a bottom casing to the 
load-silver ore. 

The principal workings on the Humbug 
daima consist of a main tumiel (the "lower 
tunnel") at an altitude of 7,355 feet, wliich 
extends into the mountain about 450 feet and 
is connected by two winzes with three sets of 
drifts along the ore bodies, on the tunnel level 
and 260 and 460 feet below the tumiel. Two 
short tunnels, the middle and upper, reach ore 
above the main lower tumiel, and are con- 
nected with the main tunnel by a chimney- 
Uke stope. The surface rock is the Humbug 
formation, but the ore is found wholly in the 
upper beds of the underlying Pine Canyou 
Umestono, tho toj) of which is cut 300 f<?et from 
the mouth of the lower tunnel and 160 feet 
from the mouth of the middle tunnel. The 
strike of tho limestone is north; the dip is 00'=* 
E. or steeper along the western workings hut 
Battens to 30° E. along tho eastern workings. 



N. 70^-SO'' K., s'howri on the cre.st of Godiva 
Mountain by an offset of nearly 200 feet and 
appro.NJmatcly indicated by an offset in the 
boundary of the Humbug formation, is in lino 
with a cross break in the mine. A second 
crass break, fJso trending N. 70°-80° E. but 
with no proved displacement, extends a^^ross 
the south end of the property withui 20 or .'iO 
feet of tho southwest corner. FractmTs ex- 
posed underground trend north, east, andnorth- 
east. 

Tho ore lies in two main bodies, the east nud 
west channels, which may Ix) connecti'd along 
a cross break close to tho south boundary of the 
property. The west channel or vein is a part 
of the niineridized zone which has b^en opened 
continuously from tho Carisa to the Godiva. 
It enters tho Uncle Sam ground about 100 feet 
north of the southwest corner of the property 
(Humbug No. 1 claim) and follows au uverage 
course of N. 10° E. as far ns the main tunnel, 
where it swings to a N. 30"^ E. dhection and 
passes into Yankee ground. Its dip is about 
60" E, The workings throughout the greater 
part of the west chamicl were uot accessible 
at the time of visit. Ore in the west cbaimcl is 
contiimous horizontally from e. pomt 100 feet 
north of tho property line into the Yankee 
workings and extends down the dip to a point 
60 feet below the main tunnel, a total of 100 
feet. The top of tho shoot was discovered 
close to the surface, vvhere it is covered by 10 
or 1*2 feet of cemented hraestono talus. The 
shoot extends downward in the form of a pipe 
for about 70 feet and merges into the vein 
proper. The pipe lies approximately in lino 
-with the northern cross break. The upper 50 
feet of the pipe contained born silver (and 
flrgentite'O, with httle or no lead, in higldy 
frnctmed hmestoue full of smidl vugs lined 
■with colorless flat calcito rhombs. The silver 
was coiifined to a loose yellowish-brown sand 
in or beside the vugs, the inclosing limestone 
assaving no more than a trace of silver. 
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Quartz wus procticftlly absent. This ore was 
at fii-st thrown oa the dump, but in 1911 it 
WI13 bcinj; screened and shipped. At the 50- 
foot depth lead, mostly the carbonate, with a- 
little gnlenu, became eouspicuous, and fiirtlier 
down (I graduaJly incrensed in quantity. ;Vt 
a depth of 70 feet the pipe merged into tho 
main vein and quartz; becarac the prominent 
gangue mineniJ. AcctHxliug to the earlier 
report ' barite was present in tho gungue, but 
there ^vas so little copper that no iiUowancc 
wjis made for it in the market. 

The pay shoot in tho west vein north of 
tho pipt! lies parallel to tiie strike and dip of 
the. country rock and pitches N. 30° E., ns 
if along tho intersection of an enstwiird-dipping 
iissure with the coaKe-grainod limestone. 
South of tho pipe and of the northeni cross 
break the vein trends more nearly N. 10° E. 
(tiid the pay shoot has u more nearly horizontal 
position, coinciding witii tho intiirscotion of 
the fissures and the bod, whose strike i-s 
practically due north. Tho pay shoot here 
pinches 60 fw^t below the main (lower) tunnel 
level, presumably where the 60° dip carries 
the bed away from the more nearly verticnl 
fissure. The pay shoot in some places lies 
wliolly within tho coareo-grained limestone 
and in others lies against a footwali of the 
dense bltu^k cherty limostoi'.e, but the exact 
locntion of these places was not learned. 

Tho east c-liannel uJso lie^ parallel to the 
bedding of the conrae-gramed limestone, which 
liore strikes north to N. 10° W. and dips 30° 
E. Wlietlier the west tuid east channels lie 
on tlie- same bed displaced by faulting or on 
similnr parallel beds could not l.>e determined, 
but from the northward oonve-rgence of the 
two clmnnela their location on the same bod 
seems probable. Tlic trend of tlie east channel 
is about due south from the Yunkco worldngs 
as far as the nort-hcrn cross break. Hero it 
sends a branch, 50 to 60 feet wide, upward to 
the west with a dip of 45°-50° K. for a vertical 
distance of 270 feet, its highest point lying 
about 130 feet below the base of the west 
channel, which is about 150 feet farther west. 
Near the junction of the branch \vith the maw. 
east channel was found a co^icentration of 
horn silver and nrgcntite in pipe form measuring 
50 by 20 by 4 feet, which yielded §100,000. 

Tho trend of the east ehanncl bf^tween the 
north and south cross breaks, a distance of 
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nearly 400 feet, is about N. 10° W. Its average 
width along the dip is over 100 feet and its 
thickness 7 or 8 feet. At the southern cross 
break a second branch about 40 feet wide and 
extending upward in a S. 80° W, direction 
has been stoped for 300 feet or more and may 
join wnth tho west channel, which lies about 
100 feet farther west. This branch shoot has 
yielded S500,000,. half of which was paid as 
dividends. The ore is said to have beoii chiefly 
fine steel galena with much silver in the upper 
portion and silver-bearing cerusite Gead car- 
bonate) hi the lower portion, with a quartz 
gangue. 

At its junction with the southern cross 
break the east chaiuiol widens to 150 feet, 
assumes a S. 63" E. strike along a bed dippijig 
30° E., and passes through the southeast cor- 
ner of the Uncle Sain into the Beck Tunnel 
giound. The workings are whoUy iii tho 
coarse-grained limestone. 

The ore that was mined in the east channel 
durmg tlie writer's visit consisted of galena, 
rather coarsely crystalhzed, and cerusite in a 
gangue of mixed dark and white quartz. The 
wliite quartz is of later. ongin than tho dark 
and appeai-s to accompany the ore mineruJs. 
The dark quartz waa said to be lean. 

The output has aJl been silver and lead. 
No zinc has been reported, but it would not 
be surprising if some were found at the bottom 
of the atopes beneath tho lead ore. 

OUE IX THE MAT DAY, Hl'MBUG, AND YANKEK 
WORKLNGS. 

The ore extracted from the May Day and 
Yankee "Worldngs consists largely of galena, 
which is only partly oxidized. It is not very 
rich in silver, ooiitaining at most 30 ounces 
to the ton. In the workings on the. Yankee 
and Unclo Sam (Humbug) ground the lead 
ore may average 30 per cent lead and 55 per 
UGUt of insoluble matter, largely sihcn. The 
ore contains only traces of copper and very 
little barite. Some baritc is reported from the 
ore on the Humbug claims. Tho gangue is 
fine-graiiied dark and wliite quartz. Gold ore 
has lately been found in the May Day claim 
underneath tlie galena. This ore is soft, red, 
und oxidized; it contains much iron and man- 
ganese and as much a-s 2 ounces of gold to the 
ton, though it averages considerably less. 

The lead ore contains but littlo zLnc and no 
sulphide of zmc has been found in these work- 
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ings. The zinc sujphulcs huvo boon oxidi/,<x{! 

and tlie easily soluble sulphate nan olToctod 
large replacements of limcsfono uoar the 
lead stopes. The zinc cflrbonate oro r-ontains 
at most 1 ounce of silver to (he ton and usunlly 
30 per cent of zir.c. 

Exploration in the Uncle Joe claim, which is 
owned by the Chief ConsoHdated Mining Co. 
from tho Ma3' Day mine h«s recently resuUctI 
in the discovery of considornble bodies of lead- 
silver ore which probably form n southerly 
branch of the Godiva channel. 

In tho southern part of tlie Humbug claim 
the ore of the upper workings wns largely 
oxidized and some of the bodies contained 
much liorn silver; lower down coarso galena 
was found. These bodies lie parallel to the 
eUope of Godiva Mountain and not far under- 
neath tho sm-face. A little copper is contained 
in the Humbug and Yankee ore bodies, and 
the ore also yields S2 or S3 in gold to the ton, 

YANKEE MINK. 

The Yankee mine, owned by (he Yankee 



The country rocks include the Packard rhyo- 
hte, tao Humbug formation, and tho coar^c- 
gi'ained and dense chorty beds of the Pine 
Canyon hmestone. The rhyolite forms the 
eastern part of the surface rock, its west Iwund- 
aiy lying about 90 feet west of the shaft. The 
shaft piusses through rhyolit© nearly to tho 300- 
foot level, and the rhyolite contact on this 
level is cut about 30 feet northeast of the shaft, 
striking N. 10^ W. aud dipping 50" E. Another 
"porphyry" contact dipping 70*^ W. is poid to 
he e.\po:f'ed at the east end of the GOO-fout level 
but was inaccessible during the writer's viitit. 
The rhyolite, ns in the neighboring mines, is 
strongly impregnated witli pyrito and, where 
exposed undergromid, ia coaled with fine 
feathery cryatak of iron sulphate. 

The Humbug formation U tho surface I'ock 
west of tho rhyohte and is cut by tho tumuli 
as far ns tho two short crosscuts (hat reach 
the txip of the cast-channp] ore ?hoot. Its 
dip, as exposed in tho tuimel, is nearly or 
quite flat (not over 20° E.) and proves it to 
be close to 'he synclinal axis concealed beneatii 
tho rhyolite. The l,rue stiike could not be 
Consolidated Mining Co., is on tho ciust slope of mcRsured but follows u north-northwest (o 



Godiva Mountain north of tho Uncle Sam 
property. Its office, tunnel adit, and shaft are 
close by the wagon road about a tlcrd of a mile 
south of Knightvilic. The larger stopes, which 
are near the surface and connect i^Hth those of 
the Humbug claim, are now practically ex- 
hausted. They yielded Brst-class ore running 
2S to 30 ounces or rarely as high as 50 ounces 
to the ton in silver and 25 to 30 per cent in lead 
and second-cliiss ore running 10 ounces in silver 
and 10 to 15 per cent in lead. Besides these 
two grades, a low-grade milling ore that re- 
mained in the dump for some yeai-s foiuid a 
market in 1911. Ore is hauled by wugoa to 
the Denver & Rio Grande Ritilrond at Summit 
atotion. In 1912, considerable shipments of 
xinc ore, wliich underlies the silver-htad ^topea. 
were begun. 

The underground workings consist of ashatt 
2,000 feet deep and a tumicl which is connected 
by an inclined winze with levels do«-n to a 
vertical depth of 500 feet. Mow it (600 feet 
below the coUar of the shaft). Tho 3tx>pes do 
not extend below this 600-foot level. Prospo^tt 
drifts from the shafts have been or are being 
rua on the 700, 900, 1,300, 1,400, 1,700, 1,900, 
and 2,000 foot levels. 



northwest direction. Several opiMi vortical 
fissures trending N, lo" E. are cut along the 
tuimel in tlie Humbug formation. The Pino 
Canyon limestone does not roach (he surface of 
the property, but if.« upper portion contains nil 
the ore shoots thus fai' foimd, the shoots 
extending from its upper contact at the ttumel 
level (about 100 feet below tho shaft coUar) to 
the 300-foot hvol, an approximate vertical 
distance of 200 ft^et. 

The ftUomating bluish-gray coai-so-graincd 
and dense black chyrty beds with an occasional 
light-gray fine-grained bed persist to about the 
J,;j00-foot level, where tbp workings expose the 
black C(U-bouaceou.i bed, hero 100 feet thick, 
that marks the top. of the Gardner dolomite. 
A watercourse was struck along this l)ed, 
yielding 2,(X)0 gallons in 24 houis, but tho wat-er 
is now piped down to the bottom of tho shaft, 
whoro it disappoui*s. Another l»ed of similar 
character but much thinner is cxposod on the 
1,800-foot level. The 2,000-fout 1cy(>I cuts a 
coiirse-gi'ained bed, partly dolomitizcd, whicii 
may be the siunc as the coarse-grained dolo- 
mitized bed near (he liaso of (he Gardner dolo- 
mite on the flat-topped spur west of Gardner 
Canyon. 
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Fissurcw trending about N, 15" E., many of 
tlicm open or widened into smttl! caves, are 
numeiou&, l>ut no conspicuims faidfs hnve been 
proved. On iho 300-fool level 300 feci south- 
west of the shaft is a cave about 100 feet long 
and 20 feet nigh, vhc^c mujor iixia pitches 30° 
or more in a aorthcrly dh'ection. Vein quurlx, 
breccialed and receniontcd, lies adong its east 
wall. At the 930-foot level (it the ^haft is 
another hirgo cavo which pitches about 35'' 
NNE, When vi^^ited it wna largely tilliid with 
wusto from tho lower workings (PI, XXX IV). 
but its orij^inal depth is said to have, been at 
least 75 foot. Its roof ia tho blae.k chcrty thui- 
liedded blocky Lmestone, which evidently 
ooUupFed after tho dissohition of somto under- 
lyuig bed, Iciiving a ja^ed surfnce with no 
marks of colTOl^ion. Tho shaft passes for 300 
foot downward from the citvo through loose 
rock to a point about 60 foot ftbove- the 1,300- 
foot levelj whore it pusses into coai"S6-graincd 
gi'ay limo^tone. 

Tlie workijigy oi the Yankee mine on Iho 
Godivft ohanno] are describoil on puge"22S. Tho 
prospecting operations from (he deep aliaft had 
for their piu-pose the discovery of the north- 
ward continuation of the Iron Blotsom chaiuKd. 

Prodpecting on tho 400, 500, and 600 foot 
levels hiis found a few quartz veius of very low 
vuluB hut thus fi^r nothing of cojiuHercial 
gi-ade. Tho south drift on the 600-foot level 
followa a fissure wini uijiing quurtz and limonite. 
This fisHiu'e is voi'.ienl fur some distance, 
flattens to u dip of 45'^, which it follows upwanl 
to the 5o0-f*xit level, and resumes n verticul 
coui-ac soutlnvard. ^V narrow quartz vein, 2 
to 3 inches wide, is said to follow (he porphyry 
diko contutJt (now inaccossihlo) at tho east end 
of the 50Q-foot lovol. It carries a httlo gold 
and silver but no lead. About 200 feet south 
of tho vertieid shaft u drift follows a nearly 
north-south fis:?uro which carries blaek quiirtz 
with a littJo pynto, copper atain, aod a trace of 
lead, its assays ran 40 to 60 cents in gold and 
htdf an ounce- to IV ounces in sdver t^ the ton. 
What is probably the same vein is cut ou the 
■100-foot lovcJ, 200 feet west of tho tihaft. It 
dips 60"" NE. and has been followed upwai'd for 
100 feet . Tho souf h di-ift on tho 400-foot level, 
100 feot west of the shaft, follows a nnn'ow 
vein of dark quartx which is breceiated and 
reci^mentert by wliite millvy quartz. It has 
betm followed for 500 feel in & northerly direc- 



tion atopphig against the soft decomposed 
porphyry eonlact. It assays Si in gold, and 
1 ounce (average) in sdver to the ton hut con- 
tains no lead. Farther west brecciated quartz 
of tiio same tyi)Oi hes along the east side of the 
c&ve on the 400-foot level. 

Since the mine was visited a mineralized 
quartz zooe on the l,y00-foot level yielding low 
assays in lead, silver, copper, and gold, with 
iron and manganese, has been reported, and 
similar material wilhout the copper has been 
fouml on the 1,800-foot love].' A prospect 
drift on the 2,0n0-foot level, headed for fhc 
ground beneath the gtUch east o: the shaft, to 
cut what is locally known as the Great Eastern 
vein (Iron Blossom?), has also exposed a vein 
of quartz, buiite, and some calcite, with iron 
and manganese oxides and small quantities of 
lend, silver, gold, and copper. iVsaays show an 
avcjiige of 8 omict« of silver and SO cents ui 
gold to the tori, with occasionally as high as 
112 ounces of silver nr.d SIS in gold. Those 
local rich s'pots show prominent stauis of mala- 
chite and ftzurite, but tbo copper content is 
said to be only 0.5 per cent. Tho vein ranges 
from a mere streak to 4 foot and follows au 
approximately east-west break. 

UTAH AND SIOUX >nn;ES. 

From the Humbug timiioLs southward to tho 
Northern Spy, a distance of 2,500 feet, tho 
Godivfl ore zone has h^en followed more or less 
cont.inuoiisly. It has been worked from the 
Utah tuijnel (altitude 7,318 feet) and the Sioux 
tunnel (altitude 7,327 feet). Little work has 
been done along this line since the report of 
Tower and Smith was isauotl, and that report- 
cojitains most of the avadable information. 
The beds striko north, and the averiigo dip 
along the ore zone is 45° E.; toward tho west 
the dip steepens to 90° and toward tho east it 
lessens to 25^ or even becomes horizontal. 
The best sixtiou is shown in the Sioux tunnel, 
which at 370 foet from tho portal intersects tho 
Ilumbug formation of limestone and sandstone; 
beneath this it enters course light-hlue lime- 
stone of the Pine Canyon formation and reaches 
the oro body about 550 feet from tho portaJ, 

Tho principid fractures, which m-e generally 
vertical, trend north, N. 15° E., N. 30° W., 
and cast. 

Tho ore body i.s a flat shoot which rises gradu- 
ally fi'om the Sioux and Utah tunnels to a cul- 

I IfonogDr'^ rapsrt, prinUxl In 8^tt Lake MIn. B«i-,, Fob. lo, 1CI3. 
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minuting point 200 foot, above Iho lunnels arul 
between tbom. South of the SioiLX tunnol i(, 
keeps on the level of ihiiL op»iniug. It follows 
generally a northerly dircftion; at raaay plucos 
it is ofl'sct on othor fractures, hut pre\'ftitLiit»;lv 
to ntirilu'i'ly pltuies. Mlicrc it foUtns-s such 
planes tlio ore body bus gciuu'ully a rather low 
dip to the east, bnt on cross fissures it is iienrly 
vcrtienl. Tho ore hollies or' low dip nro luninlv 
parallel to iho beddinjj. Pre.sintiiibly tho oro 
solutions rtscefided ui northward-trending fis- 
sures, but these htive not yet been fomid. Tbr 
ore body is from 2 to 50 feet wiiie and forma 
chHmbe.m ov irregular masses punillol to tho 
stratification or tho fissnring. 

The ore is hirgely oxidiv,e*l but con tiiins some 
galena. The ganguo Tninenxls nre qunrfz auil 
barite. Some coi)per is present as enurgite and 
oxidizoil mmerals, iilso a htllo gold. Bunding 
by burito and quurtz is mentioned by To^-or 
and Smith, who also stotc that (juartz is niosc 
abundant in tho cen(ei-s of the ore bod-ea and 
that the mettiUie minerals occur mainly next to 
the wnUs. 

No oxplorntions in depth np)X'ftr to liave beon 
undertaken in these mines. 

NOim-lEHN SrY AND CAtUSA MINES. 

DcviJopintnLs. — Tlio Northern Spy aud.Car- 
isa minos are nt>\v workeil together by the Carisa 
Mining Co. Tho only comieetion between tho 
two mines, however, in on the 700-foot level. 
Tile two properties lio on the east und southeast 
slopes of Moinmoth Peak, tho Northern Spy 
shaft at an ftltitu<le of 7,300 feet and the Ciirisa 
of 7,530 feet. The Northern Spy shaft ia <Iue 
south of the Humbug and Utah timnels und 
3,700 feet distant from the Utah. Its depth is 
000 feet and tho drifts ore of gieat ajrgregato 
length. Much prospecting work has been 
luidertakeu on levels 7, 8, and 9, but no large 
ore bodies have been found. 

The Carisa shaft lie» 1.050 feet south-south- 
west of the Northern Spy shaft. The water 
stands laieo deep in the ninth level, 800 f0«t 
below tho surface. The long Sioux-Ajax tun- 
nel connects with level 7 of the Northern Spy 

mine. 

Since 101 J httle work has boen done m tsct.e 
properties. In 1911 prospect-iog was in pro- 
gress under the manogomcut of Gnmt Snydei - 

Tho two proi>ertie3 have yielded leod, sUvor, 
copper, and gold, but the total production ba^ 



not l)een made pubhc. The dividends of tho 
Ciirisa Co. amount to S60,000, and tho last 
distribution was made in 1906. 

Gcohgy. — The geologic conditions near tho 
Spy mine are .somewhat complicated. A few 
hundred feet norih of the shaft the Humbug 
forraittion censcSj and immediately north and 
above tho shaft, tho Pine Canyon hmestono is 
exposed, dipping about 20° ,NNE. On the 
ilOO-foot level the underlying Gardiner dolomite 
is exposed, the characteristic black carbon- 
ftccou!^ bed of tho uppermost Gardner lying 2fi 
feet above the level northwest of tho shaft. 

The ai'ea south of the shaft contains bed.-* of 
tlie Bluebell dolomite. These bods have about 
the same dip as those to the north of the 
shiift--20^NNE. 

A considerable dislocation, known as the 
SioJX-iVjax fault, separates tho two aroius antl 
antedates the minerdization. Tho vertical 
downthrow on the north sido is not less than 
l.riOO feet. The fault is probably almost vor- 
tical, but tho throw is thought to be di.stril)- 
(ited on several planes. Owing to tho raa.ssivo 
bedding it is diRiciilt to place the fault aeeu- 
rutely in tho mine workings. There has been 
much silicification at the intei-seetion of Iho 
fault with tho ore-bearing (wsures, and tho 
fault fissures are not conspicuous. Although 
tho genonil courae of the ore channel was not 
interrupted by tho fault, the ore bodies north 
of it present a strong contrast to thoc^e on the 
south. 

A I'nw hundred feet east of the C'urisa shaft 
an irregular muss of monzonite is contained in 
the Bluebell dolomite, which, in its vicinity, 
is strongly though uTcguiarly marbleized. 
This small mouzonito stock has been reachiul 
by the Joseph crosscut from the Cariaa shaft, 
and two southward apophyses of it are cut by 
tlio Ciirisa tunnel. A northerly offshoot of 
the sumo body iias been opened by erodseuls 
on loveh 4, 6, and 7 from the Northern Spy 
shaft; it trends north, is as much as SO feet 
wide, and liea 300 to 400 feet ea.-it or east^- 
northeast of the shaft. This dike has no sp<v 
cial influence on the mineralization. The 
porphyry contoins finely distributed pyrite; 
on tho contact on level 4 there has been some 
mineraJiztttion, and oxidized hon and manga- 
nese minerals appem- in considerable quan- 
tity. It is stated that this material gives 
maximum assays of 2 omices of silver and 40 
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cents in gold to the ton. On level 7 the dike 
ia 80 feet wide and is 450 feet northeast of the 
shaft. The dike is not continuous, for immo- 
diately below this place on level 9 no intrusive 
rock waa found. A largo open cuve was found 
on level 7 and extended about 1.50 feet below 
it. This eave waa probably caused by solu- 
tion followuig breccialion effected l)y faulting". 
Oxidized copper ore was found in the vicinity 
of the cave. 

Ore hodiffs. — North of the shaft a Qat load 
stopo extends for about 250 feet, or to tho "old 
shaft," on tho 100-foot level. Beyond this 
point prospecting operations have extended 
for 350 feet toward the Sioux workings. Tins 
ore body, which was mined long ago, was simi- 
lar in occurrence to those found u» tho Hum- 
bug, Utah, and Sioux properties — that is, it 
it was foi'oied by replacomeJit in a coni"Se- 
gramed bed of tho upper part of th« PLn« Can- 
yon lunostonc rJong its interaoction with a vt^r- 
ti(-al figauro, which here trends about N. 20° K. 
Tho oro contauied galona and c^nisito and was 
fairly rich in silver. So\ith of tho shaft and 
ihc fault tho oro bodies follow tho fissures in- 
stead <if tho phuios of strutifieiition. Tho ores 
omtain much coppor, originally as eiiai'gile but 
now partly oxidized; thoy also carry much 
barit-o. The fissure.s which carry tiie ore are iii 
themselves iuconspieuous, tho oi-o spreading 
from them by roplncoinout i)f tho dolomite. 

Oxidized copper ores cropped out about 400 
feet south of the shaft along several IJssurca. 
Tncso upper stopes did not continue down 
to level 4 . The principal fissuRis trend N . 
20** E. and are nearly vertical. On levol 
6, 540 feet below the surface, near the sliaiL, 
a boiU"^ of popper ore was found, which con- 
tinued down to and below level 7; tho ore 
yioldod 12 per cent of copper, much m>n, 
little silver, and very little gold. In gn>ut 
[)art it was ().xidi/.ed ajid contained coppor 
ai-aenntos in honeycombod (juartz with some 
coppor carbonates replacing dolomite. Tiio 
ow contained no lead, but at the nortb end, 
just about at the fault, 1 ton of galcJia oro 
wiis fomid in the shoot. Silleified doloniito or 
limestone sm-munds the shoot. 

Exploratory crosscuts to the east side lino, 
which is near tho li*on Bh>ssom ore shoot, dis- 
cliLsod much "vein matter. and sihcifiod lime- 
stone" with low gold content. 

Oarisaviine. — Tho Ciirisa workinga are con- 
tauied In the Bluebell dolomite, perhaps also 



in tho Gardner dolomite, and the rocks are 
partly murbleized to a wluto coarae-gi'ained 
rock known locally as tho "Carisa lime." The 
direction of the dip is diihcult to a-scertahi. 
iShttllow workuigd on coppor or© have been 
opened in the northern part of the property 
near the Northern Spy boundary lino. The 
principal ore body was mined from the surface 
down to level 7. ft follows a fissure that 
trends N. 20^ E. The shoot is vertical at the 
surface and then pitches 45'*-60*' S.; at the 
deepest level (tho nbith, equal t-o a depth of 800 
feet) it crossed the Boss Tweed and Victor end 
lines, about at tho boundary line between the 
two. It did not, however, continue far down 
into these properties. This shoot or pipe had a 
length of 500 feet in liorixontal projection and 
was at tho moat 50 feot wide. The ore was 
siliceous, containing gi>ld, silver, and coppor, 
and is said to have h.^ul a value of S60 a ton. 
In part it contfibiod nnoxidized enargite. 
Some of the rich ore is said to have contained 
3 to 4 ounces of gold and 25 ounces of sUvor to 
the ton and 10 per cent of copper. 

Tower and Smith' state that above the 2.50- 
foot level tho normal width of the shoot was '.i 
I'cct, but that south of the shaft, at theinter- 
section of two fissures, it widened to 30 feet, 
tho outer portion consisting of rich copper oro 
and the interior moss, 20 feet \yide, of almost 
pure barite. The ore contained, nccordmg to 
these authoi-s, a little argentiferous galena, 
though coppor largely prodominatod. 0.vida- 
tion was complete do\vii to a depth of 100 foot. 

VICTOU MINE. 

South of tho Northern Spy shaft the Godiva 
chaiuKil turns distinctly south-soutbwestward 
and continues as more or k-ss interrupted 
veins do^ni into the North Star property- 
Little work has been done in this part of the 
district siuce about 1000. 

Tlic Carisa cojiper shoot oxtendo<l with a 
southwest pitch into the northern part of 
tile Victor ConsoEdated property but did not 
continue much below the 700-foot level. 

Tho property of tho Victor Consolidated 
Mijiing Co, consists of tliree narrow claims, 
the Boss Tweed, Victor, lunl Red Rose, ex- 
tending side by side along the general course 
of the veuis- Tho Vicu>r shaft (altitude 7,203 
feet), formerly known as the Rod Rose shaft. 
is on the Red Rose claim and is SOO feet deep. 

'Towor, O. \V„)r„iUnlSinltIi, <!. 0.,oi). dl., p. 713 
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The Victor tunnel (altitude 6,909 feot) con- 
nects with tlm shftft. Ncnv l>y is the Boss 
Tweed shaft, 200 feet deop, having nil alti- 
tude at thf. collar of 7,104 feet. 

The couutry rock is metamorphosed lime- 
atone of the Bluebell dolomito und the Opo- 
honga liinestono, tho bedding of which is 
obliterated. The principal fi-acturcs strike 
N. 35° E.; anolbev system trends north. The 
oro follows tlio.so fissu-ios, extending pf^rhaps 
50 feot on a northenist fissure, tiieii 10 feet on 
a northerly one, then returning to a northeast 
fissure, nnd so going step by step to the north- 
northeast. 

The ■300~foot level of the Victor was driven 
on a fissure that is ore bearing in places, to 
connect with tho Oarisa workings, on the north, 
where tho largest ore body of the mine waa 
©icounteredj pai'tly on X'ictor and partly on 
Carisa ground. This body in places was 40 
to 50 feet wide. A little work was done on 
the five levels below the 300-foot level, and 
small bodies of areonical copper ore were 
mined. On the lower levels the veii\ was 
from (i inches to 5 fe<'t wide. 

At the tunnel level on the Boss Tweed tho 
oro body dips 85° K. At 27 feet below this 
level it assumes a vertical attitude, which 
continues 50 feet, below which it dips So" W. 
This oro body contains three shoots of rich ore^ 
all of which pitch north at a low angle. Tho 
principal minerals are quartz, horite, euar- 
gito, tetrahedrite, bismuthite, and galena. 
Tho oro contains silver and gold, but copper 
is the most valuable constituent. Barile 
occui"s locally in great masses, several feet ihick. 
The ores in the tumiel are complclcly oxidized, 
but 100 feet below tho tunnel lcv<tl they oro 
but sli^htlv altered. Bismuth is found as a 
yellow cp-rbonato yielding as much as 42 per 
cent of bismuth, 

Apparently no deep e.\])loration has been 
undertaken in this mine. 

NOTirn STAR MINE. ' 

The workings of the North Star mine lie 
southwest of the Kcd Rose muio, and the ore 
bodies along this part of the vein may in 
geneml be considordi as tho most southerly 
extension of the Godiva cbanncl, rewhiug 
within 500 feel of tho limestone-monzonito 

contact. 

Tho mino has been closed since 1000, and 
the workings were not accessible m 1911. 



The shaft is in a branch of Dragon Canyon 
half a mile east of Diamond Pass and a quarter 
of a mile north of the Dragon iron mine, at 
an altitude of 6,020 feet (6,938 acconling lo 
(ho Iron Blossom surveys). A OUO-foot tunnel 
CaUituilo of i>ortal 6,745 feet) opens the mine 
from the guJeh to tho east of it. Si.x levels arc 
turned, and the worldngs extend .500 feet 
north-northoosterly and 700 feet south-south- 
westerly fiom the shaft. On the .300-foot level 
a long crosscut hag been driven oast mider the 
Dragon veins, and tho drift-* extend far north 
luid south- On tho 600-foot lovtd tuuch pros- 
pecting has also been undertaken anrl long 
crosscut.*! run east and west. 

The deposit is contained in contact-mota- 
morphoscd limestone of tho Opohonga ar.d 
Aja.'C formation.s, the contact between tho two 
being close to the shaft. Tho crystalhno lime- 
stone contains "much quartz, garnet, and 
woUastonitc, " accoi-ding to Tower and Smith.' 
The limestone is inlei'sticted by lissures; tho 
principal ones extend north und N. 2.'i*' E., 
but there are idso many easterly cross fissures. 
Tho tunnel intersects the main contfU',t of 
roonzouito and limestone not far from itn poi-tid, 
and according to H. L. CraudaJI, jr., ii. porphyry 
dike 100 feet wide is intersected 400 foet wi'St of 
the aliaft. 

On the surface an orc-boaring £ssure lias 
betMi i-raced for I, SCO feet^ begirjiing at the 
gulch above the shaft, continuing south to the 
iTCfit of the ridge, and thence trending south- 
west toward the mouzonito contact. Tlds 
fissure is said to be vertical. No ore bodies of 
value have been found on it where intei-sected 
by the HOO and 100 foot levels. 

The priucipnJ ore bodies extend just oust uf 
the shaft fnr 1,000 feet more or less continu- 
ously Hud tippiireutly follow steep north-north- 
ensteriy fi-ssui-es ^\'ith many local offsets on east- 
erlv breaks. The ore bodies were irresuJuj". 
us usual, varying in width from a mere seam 
up to 'M) feet; !he greatest thickness usutdly 
appeared at tho i:Ltei"seetioa of several fissures. 
Tile ore bodies sloped do not scttai to liarc 
exteuded fcr below the 300-foot level, nor more 
than 500 foet south-southwest and iiorth- 
iiorthcast of the shaft. 

The ore contaiueil ' quartz, burite, galena, 
coiufiite, iron oxide, and enargitc and its oxi- 
dation products; it also contained silver and 



' Tower, U. W., Jr.. and Smith, 0. O., op. clt., p, 756. 
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unuauiiily Inrge quimtiLics of gold — in fuflt^ 
more Lhiiii any other mine of Ibe diaLriot. 

The lower levola arc snid to show a greater 
amouiit of load aud silver und less baritc than 
the upper levels. The gold is aaid lo be dourly 
associated with the line-gniined barito; coni'scly 
crysttdlino niiisses of bivrite oeeur in the upper 
working^;. The slioo(s Jire said to dip west aud 
piteh north. Of these, three "U'ere distinetly 
gold bearing luid one carried lead und silver. 
The. coppoi' was found at the houtli wid of the 
vein. 

The total production from tliis small mine 
is aiLid to have been 8700,000, of wliich 60 per 
cent was in gold tiud tlie rest in silver, lead, imu 
copper. This figure represents net value — 
that in, gross vuluc less raiii'oud and smelter 
charges. 

aowvA onB zone somi of north star mink. 

The Gotliva and Iron Blossom ore zonea 
gradually converge newr the monzonite con- 
tiK^t, where Ihe^'^ are n few hundred foot apart. 
The Godivn ehnnnel baa not been traced to the 
contac':, nor is its continuatioiii foujid in the 
numzonite, though this rock contains severnl 
amnU, imde.veloped veins whicb might be con- 
sidered to belong to this system of fissures- 

MINES OF TH£ tECOH BLOSSOQI QBE ZOH£. 

Pnot'ERTY OF BECK TUNNKI, CONSOLIDATED 
MIXING CO. 

Location ami dit^elo'iynif.hts-. — The property of 
tht^ lieek Tunnel (Vmsobdated Mining Co. cov- 
ei-s tho north end of the Iron Blossom ore zone 
and consists of sevoral claims on the steep east- 
turn slope of Tiodivii MoiuUaiii. It is eontroUod 
by i,ho Knight iutercsis. Tl\o north end of tho 
Kureka Hill Railroad passes through the prop- 
erty. The principal ore body, extenduig over 
11 horizontal length of 1,000 feet, is now mined 
out but oxploviitory work is still being con- 
tinued, riatcs XXXV-XXXVII and 'figures 
36-43, illustrating tho occurrence, arc bused on 
surveys by M. L. Crandall, jr. 

The No, 2 Beck Tiinnel shaft is closo to the 
mihx>ad track at an altitude of 7,033 feot (7,0:JD 
feet aecoixlmg^ to the mine suiwoys) and is 1,140 
feet deep. Levels are turned at ISO, 300, 400, 
900, and 1,100 feet, and tho principal ore bodies 



were found on the ."iOO-foot level. E.xploratory 
crosseiita have been run east and west on sev- 
ond levels. The other shaft, refoired to as No. 
1, has an altitude of 7,079 feet and, is only 300 
I'eot deep, the prmcipcl level being tnrnmi at 
tliia depth. The old Be<;k Tuimol entor>3 the 
side of tbe hill at an altitude of 6,,6'26 feet., or 
about 400 fe^t below No. 2 shaft. The npj)ftr 
slope is explored by the Beck tunnel , wbicli 
entci-s at the level of No. 2 shaft untl connects 
with the old Humbug (now L'ncle Sam) work- 
ings. The La Reine tunnel. In which no liirgo 
oro bodies have been I'oimd, enters the sido of 
the hUl between tho two shafts and about 220 
feet above tho raUroad track. 

Product ion. — The development and active 
working of the Beck Timnel property falls be- 
tween the yetirs 19(]5 and 1913. According to 
figures compiled by V. C. Heikes, of the United 
States Geological Survey, 43,931 tx:)ns of ore 
was mined duiing that time, yielding 4,547.37 
ounces of gold, 1,191,517 ounces of silver, 1,486 
pounds of copper, and 18,741,914 pounds of 
load, having a total gross value of 81,809,986, 
corresponding to about $2 in gold and 27 ounces 
of sUver to the ton aud about 21.5 per cent of 
lead. From 1914 to 1916 inclusive the pro- 
duction bus decUned- Tbe gold and silver con- 
tent has remained about the same, however, 
while that of lead has decreased and that of 
copper, though small, has increased (from 
0.002 to 0.08 per cent). 

Gcohgy.- — llie pnneipal formation exposed is 
the Pine Canyon hmestone, and almost its 
whole thickness is penetrated by No. 2 shaft, 
which also at the 900-foot level entera the char- 
acteristic carbonaceous shales of (he uppermost 
Gardner dolomite ami continues into the under- 
lying beds of that formation. The Humbug 
formation is exposed above the shaft, but no 
ore occurs in it. The shaft is almost exactly 
in the vertical a.xis of the main synchne of tho 
district, the dips beinj^ gentle on both sides 
but becoming higher than 30° in the western 
part of the property. 

Two narrow dikes of soft, pyritic igneous 
rock, probably monzonito poi^phyiy, were note<l 
on the 300 and 400 foot levels. 

In the vicinity of No. 2 shaft tbe Hmestone is 
intei"sected by many fractures tronduig east or 
N. 60° E. Tliey an^ seen ui the workings of the 
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inUic witKin 100 ftjot north nnd south of No. 2 
shaft, in the workings of the uppor tunnel, and 
in tho La Reine turinpl. The cwss hreaks 
irendhig N. 70''-S0* E, are mdicatod on thn 
rreologic map (PI. IV, in porkct). There is a 
visible horizontal thro\v of 25 to 75 fcol along 
thf. fault zone passing close by tho Himibui^ 
(Undo Sflm) timncls ; aomo dislocation has 
probnMy also tnkcn phice nlong the other frnc- 
turca just mentionixi, but the. uniount is not 
eftsily dotormined, owing to the uniform char- 
acter of the rock exposed. This fmiJt zone Inis 
had nn important influence on the course of the 
orc-bonrinsr solutions. 



nnd 20 to 70 foot wide from east to west. The 
form is thus that of ii horixontal pipe, which 
was followo-d in this property for 1,300 feet 
from jiorlh to soutli. It lies conformable to 
the bedding of n coai'se-gmincd racmhnr of the 
upper part of the Pme Canyon formation 200 
feet below the Humbug formation niid pandlel 
to the horizontal axis of the s^Tiolinc, with 
which it abuost comcidcs. Cross sectioas of the 
slioot arc given in Plate XXXVII nml figure 36, 
and the horizonltd pr{)jectinn m Plnlc XXXV. 
Tlic shoot is really consiihTably hirger tliuu 
tlie dimensions above givtMi. for masses of low- 
grade siliceous ore and ailicificd liracstono ad- 




FioCHB SC-Cmss saltan along lluQ A-A', Pl&U) XXXVl, tiUOUBh B«k TuKwl il^H No. I, shmvlngore :..:.ly <cr«i3 ImkhM), 



Thci'o nre several fractures trending north, or 
N. 20"^ E., but none of them seem to be vpo' 
strongly marked. Tho ore bodies south of tho 
ahiiEt follo^s' a northerly fracture, but north of 
the fault zone, near No. 2 shaft, this fractm-e is 
not prominent. 

A large natural cave was found on the 400- 
foot level just east of tho shaft; it is 100 feet 
wide, 200 feet long, and in places 150 feet liigh. 

Ore lodir^9.—ThQ mahi shoot lies almost 
horizontal, following the bedding, and extends 
aorthward. It was first foimd by a crosscut 
east from No. 1 shaJt on the 300-foot level. 
Tliis shoot has beea mined almost continu- 
ously fi-om a point 150 feet south of tho 
shaft to tho boundary hne of the Colorado 
Jluung Co.'s property. It lios on tho whole 
150 to 300 feet below the collar of No. 2 siiaft 
(PI. XXX\a) aad is from 10 to 40 feet high 



foin the slopes in most places. A short dis- 
tance south of No. 2 shaft tixe shoot meets the 
zone of easterly fractures and ceases rather 
abruptly, the mineral izalion prt>bahly continu- 
ing on those cross fractures to the west nnd 
counecting with the flat shoots noir tho Hum- 
bug (Uncle Sam) tvmjicLs. {Sea PI. XXXMII.) 
Little exploration work soena to have been 
undertaken to ascertain if the ore does not 
also continue on this zoi\g of ci-oss fractures 

to the e«st. 

Near No. 2 shaft tho shoot is cotLsidcrably 
liigher than ekewhcre and extends, including 
the sihcified masses, from a pomt 100 feet 
below the shaft collar to the cave, or 400 feet 
below the collar. Whether the sihcified zone 
on the 1,000-foot level has any coiuiection 
with the oppcr stopcs con not be derided, 
owuig to the lack of intervening developments. 
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There arc somo indicatinntt that this horizoulnl 
shoot follows a vi^rticul northnrly fiaaure, hut 
they arc not atrnngly marknd. 

Thi'. b(>t;immig f>f the s}ioot Ifl seon on Ijio 
180-foot level; for 100 feet from the shaft the 
drift 19 in coarse limcstoiio without plain 
be-fiJing, aiul boyond tliia is a hunch of cellular, 
low-grarlo siliceous ore, somo of which has been 
stopod ; there is also some ore on the 125 and M5 
foot sublevcls nml a littlo on the 300-foot 
level immediately helow the st*ii)e. on tlie ISO- 
foot level. Farther noutli the ore on the 180- 
foot level develops in Hah atopos,. which on the 
west grmlUiiUy turn up to easterly dips of 
20''-26°. About 300 feet south of the ahiiit 
a wiuac goes down in solid liniestoiio to the 
260-foot level, uud the explorations on the 400- 
foot level seem in ><how lliat tlicre is no ore 
in (hia vicinity below tJie main horizontal 
shoot. Near No. 1 shaft the ore pipe drops 
gradually to an oltitudo of 7,780 feet, but 
witliin a sliort tlistunec it rises to the same 
level, 7,840 feet, which ifc had in the northern 
part of the slioofc. In the crosscut from No. 1 
slmft to the ore coarse limestone altcruutes 
with line-gruined beds. 

The OTV.-^Tho oro uiijied in the main shoot 
consist-s of galona and lead ciirbonata in a sili- 
CI.HJUS ganguo, with some timonite, manganeso 
oxido, moro or loss barito, and films of horn 
silver. An avorago of thn (»re mined shows $2 
in gold to iho ton, or much lops than farther 
south on tho sauio ore zono, 27 ounces of silver 
to tlio ton, and 21..' per con(< of lead; there is 
practically no copper. Somo of the ore con- 
tains iia much as S4 in gold, and 40 or 50 ounces 
of silver to tho ton iind 40 to fiO per cent of load. 
Many loctil buncluw of silvni- cbJoridu wore en- 
countered. Tho low-gi-odo siliceous ore, of 
which niucii remains in tho mine and which 
accoinpauios tiuJ surrounds the hotivy lead 
ores, curries 4 to 5 jxn- cent of load and perhaps 
10 ounces of silver and $1 or 52 in gold to the 
ton. 

In genei-al tho silieiruKl hniestone is line 
gruined, more or los.'^ broetuuted, and corixidod. 
A later white drusy quartz with vury small crys- 
tals lilk tho (rj-.vities, and this later quart/ 
seems to lie associated with most of the ore 
minerals. Much of it is lioneycombcd (iml eol- 
lulur, indicating a nunovid of some constituent. 
Near the outside of the oro l)04lies thero are 
greater or less amounts of oxidized ii-on and 



manganese miiu'-riils, ond siUcified limestone 
begins >dong tJio bedding pianos. Very litt'o 
galena was seen in the old slopes. 

In tho tunnel connecting with the Uncle Siif* 
(Thimbiig) wt>rkiugs tho oro occurs in tho bed- 
ding plunes of the Pine Canyon luncstorie, 500 
feet west of the main shoot but at about tho 
siimo horizon, and also on the N. 60° E. croi^s 
breaks, of which mnny are found in this vicinity. 
Tlioro hjus boon littlo silicilieation along thet^o 
breaks, but they show nmch caleite and dol"- 
milo. In tho ore along the beds coarse galena 
predoniinat<w, accompanied by cjilcito ana 
some loose and cellular silicified material. Ore 
from this placfl was shipped in 1911. 

^ROPKUTT OK COLORADO MINING CX5. 

I/jcation and df tif7op//ir:ni.— Tho property *>f 
tlio Colorado Jtining Co. adjoins that of tho 
Beck Tuimel ConsoUdatod Co. on tho south and 
lies on the steep northeast slope of Sioux Peak. 
It conl.iiuis tho continuation of the Iron Blossom 
oro shoot, mined for 1,300 feet in the Beck 
Tuanol property, and tho oro has been followed 
praeticiUly continuously through the property 
for 2,5(X) feot. Tho t^vo shafts are close to tho 
railroad spUTj No. 2 has an altitude at the collar 
of 7,102 feot (7,110 foot by the mine .survey), 
and No. 1 of 7,137 feot (mine survey). No. 2 
shaft, tile more northerly, is 300 foot doop; No. 
1 shaft 500 feet doop. The muiing operations 
hhvo consisted cliiefly in following tho well- 
defined oro channel, which here Hes a little 
diiejKn* thiin in tho Bock Tuimol property, 
averaging 300 feot below the surface. Tiio 
linoar dovolopmonts in the mine aggregate 
14,000 feot. CVosscuttmg oast and west has 
boon ilor.o from No. 1 shaft on tho 2o0 and 500 
foot levels without disclosing any ore, but no 
deeper exploration hiis been i.ttompled — a fact 
wtiit^h seems singidar, oonsidoriug the groat 
production of tho company. 

Production. — The Colorado Mining Co. pro- 
(luced 10S,!»39 tons of ore between 1907 
and 1013, containmg 20,676.76 ounces of 
gold (8427,424), 4,S80,Sa2 ounces of silver 
(S2,703,i)7tj), 15,665 pounds of copper, and 
48,171,127 pounds of lead, the wholo having u 
gross v^dno of So, 275,085. The ore thus aver- 
aged about $4 in gold, and 45 omic^s of sihoi- 
to tho ton, 0.14 pel- c*nt of copper, and 45 per 
cent of lead. Tho production has declined 
consideruldy since 1913, although I'JIO showed 
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a marked increase over the two pro-ceding 
years. Trie content of gold, silver, coj)per, 
nnd lead dtiriny the thi-ee yeare 1914— Ullli has 
decreased, but zinc, first pvoducod in 101-1, has 
attained considerable unportance. 

Geology. — ^Tlio geologic conditions iiro very 
similar to thosfl in the Beck Tmmi_d property. 
Both shafts am siink in the Humbug formation 
bnt enter t.he Pino Canyon hnicstone nt n depth 
of 60 to 80 foot, and the ore horizon lies about 
160 foot below the contact or at an altitudn 
about 100 feet hif^lier than near No. t shaft in 
the Beck Timnol properly. The oro contiinies 
to follow the aUnost horizontal axis of the syn- 
clino, nnd tlio dips are generally less than 10° 
E, or W. A sraull area of rhyolite rests on the 
limestone below the No. 2 Colorado shaft. The 



lust paragraph its bottom attains an altitude of 
6/JOO feet. Near the Sioux line the oro shoot 
again sinks to .tho 6,S50-foot level; whether or 
not there is a dislocation at this pJ-^ico can not 
be definitely stated. The stopes range in 
width from 20 to GO feet, and their horizontal 
outline as seen in Plate XXI indicates the 
appearance of the oro body in cross section. 
The height of the stopes increases toward the 
south. Ncftr No. 2 shaft few of them are over 
20 feet high, but in places the Horn Silver and 
Spiinish Fork stopes reach GO feet; near the 
Sioux hne, however, they again become lower. 
The ore. — The ore in tho Colorado mine con- 
tarns on the average much more lead and silver 
than that of the Beck Tunnel property, but its 
general chftructt»r is very similar. It contains 
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ortherly fissures that are followed by the oro 
ody are ft littlo more prominent than in the 
teck Tunnel property. There ore several 
roas brealts of littlo importance, but 400 feet 
orthof No. 1 shaft a brcc*iated zone crosses the 
ro body, nnd along this zone the ore body ap- 
&a.rs to have been do^vnfa^lltedou thonor'.hsido. 

large cave 200 feet long and 30 feet high oc- 
ipiea the oro horizon below No. 1 shaft, but its 
svelopment is a comparatively late feiituj'e. 

Ore hody. — Tho oro zone continues ua in the 
eck Tunnel property, formuig a horizontid 
po in tho upper part of the Pine Cf.nyon 
nestone and tJOnding almost exactly nortli 
r .2,500 feet across the Colorado property, 
a northerly part lies at an altitude of 6,SoO 
Bt, but south of tho break referred to in the 



much carbonate, in part massive, in part 
sandy, and some residual masses of galena. A 
little copper begins to appear in the ore. Tliere 
is some zinc blende iii the galena, though most 
of it is converted to calnmine and smifchsonite. 
A small pocket of oxidized ore averaging 15 to 
.30 per cent zinc was opened in 191.5. The oro 
is liighly siliceous in places— for uistanco, m 
the Horn Silver stopes — and here the per- 
centage of loud may bo very low. 

The pubUshed niuiual report of tho company 
for 191 1 give^ the follo^\Tng details: Ort> mined, 
19,210 dry tons; average gold per ton, 0.17 
omice; average silver per ton, 31.87 oiuicc-s; 
lea,d, 10.18 per cent; gross value per ton, 
S25; smelting and transportation per ton, 
S9.27; operating costs por ton, S3. 70. 
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Dark silicificd liniRstono surrounds tlio oro 
ahodt; iU greatest oxtmt in in a horizontal 
dirtxtion along tho b*idduig i>Iune3; in places it 
Iwtjina :iO to 50 feet away from tlin ovo pipe. 

Tho liirgo cavo contaiiicd nxuch load curbtDi- 
iito and kidneys of i;;:alona and was evidontly 
caused by tlio solution of part of tho liinostone 
surrounding the ore. 

PHOPKRTY OF SIOUX CONaOLJnATE:D MINING CO. 

Location avd tievelopnwnl. — Tho Iron Blos- 
som ore channel continutM from the Colorado 
mine into tlic property of tho Sioux Consoli- 
dated Mining 0<>. and Iiiia been mined without 
interruption from north to south. Tho total 
length in Ihia property is only 650 feet.. 

The Sioux shaft hug an altitude of 7,180 
feot at the collar and is iihout 500 feet deep. 
Develojiraents am chiefly on the 300-foot 
level, though a crosscut 1,000 feet long has 
been extended west on tho 200-foot level 
witlxout linding new ore. There are shorter 
enisaculs eastward on the 300, 450, and 500 
foot levels. Tho mine waa worked princi- 
pally botween 1008 and 1912. 

Ofohfiij afuloir. bodies. — The geologic features 
are voiy^^iniilav to those of tho Colorado mine. 
Tho ahftft is sunk iu the Humbug formation 
hut. rema)i\H in H only for about 120 to 150 
feet, and the bottom of tho ore clionael hes 
about 200 feet below the contact of tho Hum- 
bug formation and the Pine Canyon limestone, 
Tlio beds he nearly hori/.ontal. The bottom of 
tho oro chamiel or pipe bus un altitude of 
6,850 feot; (he south end is a little lower, or 
lit about fi,830 feot. 

The ore body averaged about the same as in 
the Colorado mino hut w«* in many places 
100 to 150 feet wide; its height was about 20 
feet but increased to 40 feet near the soiithora 
btmndary. Tho tonnngo produced was largo^ 
though not as largo as that of t!te Colorado, 
and tho oro averaged :f3.50 in gold and 35 
ormeea of silver to the ton. 0.26 per cent of 
copper, and 35 per cont of lead. 

V\1ler(^ inspected, at (lie north end of the 
property, the ore wua flat, 30 feet high, and 
contained a great deal 4if galena and ciirbonato 
and sulphiite tvre. An excellent opportunity 
wiis ulTorde<i here for studying the processes 
of oxidution of giUcna (p. 174). Both coarso 
and Ime graineii (steel) gidena occurred ut 
the weat edge of the Iwid shoot, and at this 



plttcx^ there are large masses of sihcified lime- 
stntic. The east side of tho channel is 40 feot 
lower 'Jum thc^ west side, indicating the slight 
easterly dip of the beds. In this sihcified 
hine-stone are. scattered bunches of wliite 
crusted quartz, but the bulk of tho rock is 
fiju; grained or eherty and tlark gray. It- 
contains a httlo silver but is not considered 
even low-grade ore. 

Tho ore is so similar to that of tho Beck 
Tunnel and Colorado mines that no descrip- 
tion is npeciwary. In the southern part of 
the Sioux ground the ore becomes very sih- 
ceous, with gi'eat amounts of white loo.se 
sugary qunvtz, evidently produced by leaching 
and crushing of cellidar and honeycombed ore. 
Rich horn silver oro occm-s in places, also 
much breccia oi dark sihcified limestone 
cemented by cellular quartz, each division 
coated i^nth late quartss crusts of small crystals. 

moPEHTV OF TRON BL.O330M CONSOLIDATED 
Mrs IN G CO. 

Location atul development. — ^The property of 
the Iron Blossom Consolidated Minijig Co. ex- 
tends for 3,200 feot along the Iron Blossom oro 
zone, on tho steep oa3ter|y alo])o of Mammoth 
Peak. Oro has beon nimed almost contmu- 
ously through the ground from tho Sioux lino 
on tho north to the end lino of tho Governor 
claim on the south. The direction of the ore 
zono is N. 20'*-30=' K. 

ISvo shafts open tho property. No. 3 shaft 
is in the northern part of tho area mined and 
has an altitude at thocollarof 7,179 feet; No. 1 
.^liaft, 2;300 feet farther aoxith-soutbwest, has 
au altitude of 7,275 feot (7,293 according to tho 
mino surveys). No. 2 ahuft la shallow and of 
no unportauce. 

No. 3 shaft is vortical and is 590 foet deep, 
and a wuizo from that lovel extends to the 6S0- 
foot lovel. The ore bodies lie raalidy on the 
3S0 and 480 foot levels, along which tho prop- 
erty is opened through its wholo lojigth. Sev- 
eral crosscuts explore tho country rock on the 
east for a few Inmdrcd foot. No. 1 shaft is also 
vertical and roaches a depth of 1,900 feot. The 
prmcipal dovolopmouts aro on the 500 and 600 
foot leveb. The 6()0-foot level continu&s south 
through tho Gt»vornor claim, and a long ddft 
south on the 1,900-foot level pamllols the Gov- 
ernor sido line but lies withui the Iron Blossom 
property. Crosscuts from 500 to 800 feot long 
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tend west ou the 200 and 500 foot lovols ami 

st on the 700-foot lovol. Tile dovolopmiwita 

gregate about S miles. 

Wfcfcer stands on levvl 10, though this is 

obably not the true water Kivcl but onJ}' a 

:al accumulation. 

Production, — The Iron Blossom nihio entered 

3 rfuiks of the producers in 1008 and has 

CO continued to bo one of tho honviest ship- 

rs of oi^ in the district. Tho total produc- 

n, from 1908 to 1016, uicliisivo, iiniounted to 

),457 tons of oro, which yielded 60,174 

ices of gold (S1^367,S17), 10,689,487 o^mces 

silver (S6,0o5,203), 2,304,689 pounds of cop* 

■, 50,284,075 pounds of load, and 124,114 | 

mda of zinc, making in all ft jp-oss valiiG of 

',208,434. 

Ii6 orca compriso medium-grade lead ore 

h gold and silver and siliceous gold-silver 

with little or no lead. The ore shipped 
[dod an average of S4.45 in gold nnd 33 
;C©8 of silver to the ton, 7.5 per cent of 
I, and 0.25 por cent of copper, 
a 1914 about 50,000 tons of ore wns shipped 

ft greftt tonnage of secondn/lnss or© romaiiis 
Lhe mino. Dividends of 32,170,000 have 
2 paid by tho company up to October 26, 
1. 

eolog^ij near No, 3 shaJt.—ThG principal de- 
t entors tho Iron Blossom ground from the 
LK uudor conditions entii'cly siniilor to those 



the disposition of tho ore bodies, although these 
are later tha:i at least tho principal fault 
movements. 

South of tho fault zone the ore body con- 
tinues ill a straight line for a long distance iUid 
assumes more clearly the outline and charac- 
teristics of a replacement vein. The horizon of 
the limestone is not definitely determined. It 
is (he BlucboU dolomite on the sm-face, which 
would indicate a total vertical displacement of 
1,500 feet acioss tho fault zone. The end of 
the 380-foot level in 19U, 1,200 feet south- 
aouthweat of N^o. 3 shaft, ^vas atiU in greatly 
disturbed limestonoi ^^^th several northerly 
iissuTPs. 

Several dikes of u greatly altered porphyry 
appear hi the workuigs of No. 3 Iron Blossom. 
On tho 380-foot level one dike about 10 feot 
wide lies m the distin'bed zone and has a 
strike parallel to that of the main faulting, or 
N. ZO"* E. On tho 4SO-foot level this dike is 
not found, but a fuultod block of porph>i-v liea 
along the main drift 100 foot south. The con- 
ditions hero suggest post-intrusive faulting. 
On the same level a dike has been struck in a, 
crosscut 650 feet cast-aoutheust of the yhaft 
and another in n crosscut 1,200 feot south- 
southwcafc of the shaft. These jutrusivea are 
probably monzouite porphjTies but are not 
easily recognized, as they are extensivel)-- 
replaced by sericite and calcite and contain 



10 Sioux mmo. No. .3 shaft is simk wholly \ small crystals of pyrife. They do not contam 



\\G Piiio Canyon limestone, the collar bohig 
a fow feet below its top. The ore body 
about 300 feot below the contact of the 
I Cajnyon and Humbug formations; and 
aally the bottom of the shaft, 590 feet be- 
the collar, should be ui the same formation, 
?taj thickness being about 1,000 feet. The 
near tlio oi-o body are libout 20^ E. 
jss than 200 feet south of the shaft the 
3 outer tho great Sioux fault zone, here 
it 300 feot wide. In thia disturlxid zone 
inds of faults abomid, northerly as well aa 
>rly; the dips increase locally to 40° and 
60°, and the carbouaoeoua beds at the top 
le Garduei- dolomite appear in sm«.U fault 
ts in. tho fault zone on tho 300-foot level, 
ui the crosscut to the southeast of tho 
■oot level, indicating a vertical maxim mn 
V of about SOO feet in this port of the fault 
The f-aultiiig also finds expression m the 
ralizatiou by extensive siljcification and m 



ore, though in places irou-stainod siliceous low- 
grade oro lies along the contact of diko and 
hme.stono. No diki's show on the 580-foot 
level. 

A large cave was found in the southern part 
of the No. 3 workings. It is, 250 feot long, 40 
to 60 foet wide, and 10 to 20 feet high. It hcs 
about parallel to the ore body and just above 
it. Its outline in longitudinal section (PL 
XXJSMJ, in pocket, resembles the section of a 
bowl. At the bottom of the cave is some car- 
bonate ore showmg copper atain, and this 
material is m part sloped. Tho walls of this 
ciive were coated with snow-whito botryoidul 
masses of calcito and beautiful arborescont 
growths of tho shdio mineral. In places the 
calcite wns covered by needlt« of anigonite. 
This secondary calcite contauis no oro minerals. 
There is httlo doubt that the cave has been pro- 
duced by tho oxidation and sluinkago of tho ore 
hody below it. 
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Ore. hodic^ and ore in No. 3 Iron Bhmym.— 
From Lho Sioax mine Lho ore body contiuucs 
for 250 foot homontally m tlie Ir-jn Blossom, 



quartz and atrealcs of moro compact quartz. 
Ill places there is iiuicK horu silver, 
iiu.i ^...— ■-, Tl''=^ *"'c '>ody terminates i-athor shni-ply 400 
?nuch .Is l7o i^^ iTTs'fmm feot south of the slmft, and beyond it the drifts 



but its width is us 
20 to 00 feet tliick, growing tliicker toward tho 
soutiion. end. The ore (Pis. XXXV f.nd 
XXXVI, fi-cs. 38 iiJid 30) lies on the west- 
ern Umb of the s>TicUnc, and it.'^ extension 
is prtrailcl to the beds so that the dip of 
the body \s\ i;i°--20° E. The south end is rot 



enter a wide sili(;ified zone iu which there is 
little ore but a gi'ea-t deal of black silicified «nd 
cherty material brt'ceiated by ■^mall veins of 
quartz and barile. On the 380 und 480 foot 
levels the drifts tniverec tiiis siliceous ran- 
terial fnr JOO or 500 feet; on the 4S0-fu()t level 



only taieker butlibo hab sagged -50 t.> 70 fc«t. 600 feet soutlieast of the shaft the gray Umo- 



This ore body is iu general surrovmded by the 
eoai-so limestone, and cornparntirely little silici- 
fied materiftl is seen outside of it. 
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fmUKe J.H. l'ni»s«;l|on tUrmiKhli&uBIossvini almft No. y ulOfiA lint; C-C, flulo XXXVI, 

The ore in tliis shoot — pructicully tho end of 
the horizontal pipe m Pine Canyon rnncstone — 
was on the whole of siliceous ihunictor but con- 



silicitied limestone is oxt^nsivoly brccciatod and 



stone is sharply cut oil' by what appeal's U-> be 

one of the principal fractui-es of tne Sioux 

fuult,hero trending N. 70'' E. On the 5S0-foot 

level there has been oiucl: less 

silicification. 

South of the fault zone the ore 
lies mainly below tho .'iSO-fuot 
level instead of above it. The 
first mftss encountered, 600 feet 
south-southeast of the shuft, is 
a transverse body (PI. XXXV) 
trending nearly east for 160 feet 
and extending oO feet above ami 
60 feet below the 480-foot level; 
the stopes then turn and continue 
for 1,000 feet south-southwest, 
about 20 to 30 feet wide and in- 
rreasLng in height to lOOor 150 feet 
above the 4S0-foot level. Thoy 
assume more of a vein form, and 
the vein dii>a steeply to tho west. 
In this vicinity two more veins 
appear, one of little value on 
the west side and another con- 
taining a good body of lead ore 
(mixptl carI>onate and galena) on 
the east side. This "east vein" 
has indeed been traced a few hundred fectnorth 
of tho section shown in figure 39 and is of con- 



siderable value in Iron Blossom No. 1. 



tainod in pli\cesnuieh lead carbonate with resid- The principal slopes contain sugary quartz, 
Hal kernels of galena. The dark gniy ehcrty locally with barito phites, bunches of hraonito, 



eerusite, and galena. The lend minerals ap- 



cora<MiU'.d by loose sugary quartz with druses of j pejir mainly \i\ the upper parts Jind on the sides 
small quartz crystals. Afuch of tho ore is of i of the stopes. There is no dark sUieified limo- 
tiiis sugary character and loaiUy contains plates sttuio sun'oundhig. the sfc(tpes, which ore, on tl'.e 
of biirito. Th« ore does not cont-uiji much iron contrary, incloscid by little altered limestone or 
or niangain.'se, although it is stained brown in ' ' "" "" ■ ■ - x , ., 

nuiny placivs. On tho whole the carbonate and 
galet\a ore litis on top of the siliceous ore. 



Marked horizont,al banded structure is shown 
in places, carbonato ore alternating with sugary 



dolomite. Tlie principal value of the ore is in 
gold. 

There are two main classes of ore in the 
stxipes of Iron Blossom No. 3. Tbe lead ores 
range from 6 to 15 per cent of lead and 20 to 40 
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ounccsof silver and 35 to SG in gold to the t^m. i except iii the l,7()0-foot level, at tho south 
The siliceous ores contiiiu 60 to SO per cent of face of whic];, not far from tho station, (t>arae- 
silicii, 1 per cent of lead, and 20 to -10 ourici^s of i grained metaniorphic limostoiic appcui's. Tho 
silver and .S5 to S6 iii gold to the ton. j bedding is Hat niid (he dip east or nortlienst at 

The published report of tbc company for 1914 gentle angles; well-bcdded limestone is shown 
gives the toimage from No. 3 shaft dui-ir.g that ! on leveb 5, 6. 7, S, U, and 17. The strata of 
year at 24,029 tons, averaging 12.40 per cejit the lower levels belong in part to the Opohunga 



, of lead, 0,7 percent of copper, iind 31.77 ounces 
of silver and 0.1405 oimee of gold to the toiL. 

Geofoffij at Iron Slosso^n No. 1 shij). — Al- 
though the two partii of the mine opened by 
No. 1 and No. 2 shafts are now counei'ted, it 
seems best to describe tbeni .separately. 

No. 1 shaft is sunk at 
a point near Sioux Pass 
and its nollar is about 
100 feet above tlnit of 
No. 3. It is in tlio crys- 
ttillino and contact-metu- 
morphosed Bluebell dolo- 
mite near its contact 
with monzonite porphyry. 
In this vicinity there 
is considerable difficulty 
in identif}nng the sedi- 
mentary forran tious. 
The bedding ig indis- 
tinct but generally 20°- 
30° NE. Tlie monzo- 
nite porphyrj' is probably 
intrusive but shows tran- 
sitions into rocks that 
are surely etinsive. The 
shaft begins in a small 
outcrop of altered rhyo- 
litic ri>cks, which here, 
as shown on the map 
(PI. IV, in pocket), 

separate the monzonite porph\Ty from the 
dolomite. 

An isolated area of monzonite, about 800 by 
500 feet, runnmg out into dikes at its south end, 
is contained in tho dolomite north and north- 
northoust of the shaft; the nearest outcrop 
of this rock lies 200 feet north of the shaft. 
Tl\o sliaft is 1,900 feet deep and in hmestonc 
throiitrln:)ut, but the several formations are 
difficult to identify; the strata show none of 
the couj"se-grained Hmestonc characteristic of 
the upper Pine Canyon, or of the carbonaceous 
shalo of the upper Gardnor. >rost of the 
rock is dolomitic and fme grained. There is 
not much evidence of contact metumorphism 

10435.5*— 18 16 



limc-stone, which ;ias indeed been definitely 
identified on level 5 south of stopc 4 and also on 
level 7, 400 feet east of the vein. 

Dikes were observed at ranny placi's. Tl\e 
hmncl cquivalcu*. to level 2 enters in mon- 
zonite porpJiyry, which continues up to the 
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FIQOBE39.— Cr-c* »o>;t!oB Biuta d( Iron UIosmjqh shult No. aiilonglino D-D', PL-.!uXXXVr. 

vein near the shaft. The crosscuts 200 to 400 
feet west of the shni't on levels 2, 4, 5, and 17 
cut several dikes of monzonite [xirphyi-y, most 
of which contain mucli caleitc and smttcred 
small crystals of pyritc. One of theso dikes 
on level 17 extends north for 200 feet jintl is 8 
feet wide. Several of tho dikes appear to 
have been faulted. ^Vlong the vem, both north 
and south of the shaft, a few small dikes of 
monzonite porpliyry have also been observed 
and generally strike north-northeust. A long 
crosscut on level 7 oncountei's monzonite 
porphyry at the face, SOO feet cast of the shaft, 
which shows lliat the limestone surface slopes 
below the porphjTy of the surface at an angle 
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that IS not steeper than 45". On l(.'\^('is 2 and I but is obsciu'od by oxidation. It gives small 



7 the main porphyi-y coiitiu-t is verlital along 
iissures, a fact which probably indica(o>^ posl- 
porphjTy faultijig. The. iiupre^sion gained 
is that the porphyiy la intnlsi^'^' into llie hme- 
atone. 

Mr. Crondall wTitos, under date of Novem- 
ber, 1914, of an intcrestiji^ cuvo rccciitl)' 
found in the ore zone on levol .5 of the Irmi 
Blossom. No. 1, This cave lies in the orc-bear- 
iug zone and Is 70 feet long. 5 to 10 feet wide, 
and 3 to 10 feet high. The roof is iueriisted 
with smaE calcite crystaLs, some oxidized cop- 
per minerals, small stalactites of hmonitc, 
and iuits.sos of limonitc with rlionibio cavities 
(probably casts of gypsum crj'stals). On 
top of thi> loosely compacted niaterinl that 
forms tlio lloor arc seveial hu'gc nia=ses f)f 
gypsum, both crystallized and maijsivc, with 
small inclusions of limonite. One mass mea- 
suring 5 by 7 by 12 feet in composed largely of 
long, slender crossing and interlockiug prisms 
of g^'psnm; some of these crj'staV arc 12 to 17 
inches long. 

Ore bodies and ore ntar No. I shaft. — ^In the 
southern part of the t^erritoiy opened by No. 3 
shaft tho horizcmtalore pipe assumes gi-aduully 
t-ho chnractcr of a vein. Near No. 1 shaft 
this becomes more strongly marked, as shown 
in figure 40. Nevertheless the priucipal ore 
bodies lie at about the same level as farther 
north^thnt is, on levels 5 and 6. Tlie figure 
also indicates by dott<;d lines the outline of 
tho vein matter and siiiclfied Umciitonc. Oa 
the lower levels the vein contracts sharply and 
is not; definitely traceable below level 11. Its 
width ranges from a few feet to 70 or SO feet. 
The vein stands nearly vertical or dips a few- 
degrees to the west. The ore is of tlie same 
siliceous and cdliUar character as in No. S, but. 
coiitaLos much more limonite end shows plen- 
tiful copper stains. 

Fi-om the shaft the ore body Is reached by 
easterly crosscuts about I. SO feet in length. 

Tho outcrop <tf the vein docs not shoN^' ou the 
tuff ridge northeast of Sioux Pass, but sUicificd 
and iron-staiued cropping appeax- in a pro- 
jecting tongue of hjiuestone near tho shaft. 
Til© vein apparently cuts aci-oss the monzonito 
poi-phyry but is not clearly shown. South of 
the shaft it again enters tho limostoiio. On 
level 2 tho volu hes at the vortical contact of 
limestone and porphyry; it is hor© 10 foet wide 



assay's ni gold and silver. Tlio porphyiy is 
bleached and iron stained. 

Tho principal ore bodies above and Iwlow 
level 5 arc 100 to 150 feet high and 10 to 50 
feot wide, extending practically continuously 
througliout the tnouiid. At tho south end of 




e^co 



Fl*itraK 41.— SwaoD S. 5i' E. south c( Iron DIowom slmft So, I idoDR 
Ijko r-P, Plato XXXVI. 

level 5 tho veiu loses itself in tho flat liraoHt^ouo 
beds. In many places the deposit shows 
plainly its voinliUo character. Tho walls of 
limestone are well marked, tho vein cousL^ts of 
fiihcified hmestone hrocciated and cemented by 
sugnr3' quartz, and a- woU-definod hghtcr streak 
whore filling no doubt has played a part indi- 
cates tho central fissuro. 

At thosouth end of level 6, near tho Governor 
hno, are small copper stopcs. In places iu 
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this vicinity tho vom is only 1 foot wide, ami a 
fijio-^Tained poqilijTy diko containbig pyrites 
adjoins it. 

On Icvol 7 tho vein shows ftt the ontl of l.ho 
crosHcut frora iJio shaft; it is stiiinyd )>y limonito 
and molachito. 

On lovol S, at tho crosscut, tlio voni is only 
:i foot wido and wiiiyista of iroii-slaiu«d sdicihod 
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FlaURK li.— Scclton a. W K.MU'hodton Hl«^om jU.itl. No. l ;Jong 
linif a-il', l'l;iU- XXXVI, 

liniestiiuo \\Tth normid limivstoiie on both sides. 
In jilttces the voiu nma out on the atratilication 
jUanos or on crofss fruotiu-Ofi, Good oro is found 
looidly, cnn-ying both lend ivnd coppor. At the 
south faco noar the Govoruor lino the voin has 
tho usual appoanmco, but in tho c«ntor thoi-e 
is an UTog^iilar streak, a fow inches wide, of 
sulphide ore with pyrito, quartz^ barite, gtUoua, 



onargito, and covellite. Tliis oro is said to 
contain $2 to $3 in gold and 9 o^mcos or more 
iu silver to the ton and 2 to 3 per wut of copper. 
No larger bodies wcro found. 

On level 11, at tho cro.sscut, the vein is in 
limestone, is only I fool wide, and coiisistsof 
lirnonile aud quartz with coppcrstaing. Chopper 
oro has biion sloped in tliis level. To the south 
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tlGUBK 13.— Scctlwi S. SS" E. aouth ot Ifou Blossom shall No. I tklonc 

litiei'-a', rkipxxxvi. 

i\m voiu entoi-6 cf)n:txct-[i'iolainorphosed lime- 
stone. Along drift has recently been oxtondod 
on level 19 for 2,000 feot south; for a long dis- 
tanco this drift ponetvafes limoatono, which is 
cut by a tight 8oam carrying quartz, galena, 
and zinc blende. 

I^igui-es 4 1-43 ropresoul sectioDS of the 
deposits south of the shaft. 
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MinenUi/,o<l roclt containing qimrtz, UinoiuU^. 
and monguneae oxide uppcm^' wUiv^ many of 
the porphyry dikes in this niiii<^ and ratic'n of this 
mateiinl cun-ies u fow ounces ot silver to the ton. 

Tho oro in Iron Bh>ss<nu No. 1 i-^ sihcoous _ 

and contnins more gold and coi)por but \cs^ Blossom, but so far theao have not proved to 



1,060 fec!t, imd the lowest level 1,025 feet below 
the colliir. Wnter hii^ been encountered near 
the contftct of limestone aad porpliyry on lev- 
els S and 10. The shaft is intonded to de- 
velop tho ore-ben ring voins soutli of the Iron 



Bilver llnm tlie ore near No. 3 shaft. Much of 
it has tho loose and cellular toxturo already 
referred to and ia made up maiidy of quartz in 
cn^Lfvllino ci-usts and Tmrite plates, and li- 
monite. For a period of throe weeks in 1015 
the ore assayed S per cent of lend, 0.75 per cent 
of copper, and 0. lo ounce of yold and 20 oiuices 
of silver tfl the ion. Bt'sides it contained \'^ 
per cent, of iron and 50 per cent of insoluble 
matter. In tlio southern part of tho niino and 
in tho deeper levels it contains V^michea of 
partly oxidized onargite and in places also 
gaJeun. On an average it may contaui $5 in 



be of great value. The shaft also opens a body 
of iron ore of cousiderable importance (p. 258). 
Vein nortli of tht contact. — Tlic vein enters 
the Governor clnun 6o0 feet south of Iron Blos- 
som No. 1 shaft but is not visible in the 
moQZonite porphyiy, which here eovei-s tlio 
aurlace. At SOD feet farther soutli-southwest 
the vein enters tho Opohouga limestone and* 
beyond (hat the AJHx limestone, both of which 
are rande somewhat cry-staUine by contact meta- 
niorphisra. The vein here siiows on the stn-face 
in places and lias been opened in Mio Go\^ornor, 
WTiito Dragon, and Black Dragon t^hafts, all 



gold and 20 ounces of silver to tho ton. As tlnve of which havo an altituilo of about 7,0.50 



usual oxidation o.N.tend.s to tho deepest levels. 
Spots of niioxidixed ore may bo found in tho 
<loep levels, but thoy occur as well near the sur- 
face. Water stands at lovel 19. 

From tho company's published report of 1914 
it is seen that the slopes near No. 1 shaft yieJdcd 
during that year 16,451 tons of ore averagitig 
o.OZper cent of lead, 0.5 per cent of copper, and 
22.77 ounces of silvor and 0.139 ounce of gold 
to tlio ton. 

Tho so-called East vein, which lies in 
the limestone 40 to SO feet from the main 
vein ID the workings south of No, 3 shaft, 
has also been found lately in level 4 
of No. 1 shaft. It contains much hraoaite, 
malachite, and azurito and very little 
galena in a gangue of cellular quartz and 
barite. In 1914 the ore was atoped in both 
mines to a width of 6 to 12 feet and 30 feet above 
the level. Some of this ore is rich iu gold. 

PROPERTY OF DRAGON COXSOHDATKD MINIX'Q CO. 

Situation:— T\io property of tiiis company 
extends for about 3,000 feet along the southern 
extension of the Ii'Ou Blossom vein, .south of 



feet. The dip of tlio limestone is 2,')°-40'^ K. 

Tho general course of the vein is N, ;i.j° E. 
and the dip iaSO^-S.j" ESE. Tower audSmith,' 
who examined the worlcings near the sur- 
fiice, say thiit 

Aloog this fissitro oc<;uiTcd, in Uic- Govfrnor cluim, 
(jimrtz aad l>arito wiUi lead and c^pixr mincntls. In llio 
Dlack D.mgcu <'I;iia: (anith of (he Guvtruor) larger ore 
bodies ivcri? I'ound near Oie surface along Uie vcm, wliith 
ia iotcrsectcd by oast-west fiwurcs on which *JUio ore had 
alsj) formsil. At Ihe Biack Drsgnu £lmft oa tho 2()U-foot 
lovel an oro bciiy was lound at tho iutorecrytii/a of tissurra; 
on Iho 31.>foo( level the ore olLeroatcw on ^^ 36'^ E. nnd 
Dorthejwtfrarriiiref. 

The \ein ia noiTow an<l contnins silieificd 
hmestone and harite as giiugue and galena, 
limonit^', and chj*ysocoUa jis oi'o minenils. 

The long Dragon tunnel has followed the vein 
at im altitude of about 6,775 feet from a point 
near the iron mine on the south for 1,300 feet, 
to a poiut 200 feet north of the Black Dragon 
shaft. This nearly coiTcsponris to the 315- 
foot lovel of the Black Dragon shaft. In many 
places in the Dragon tunnel tlie vein ia tight 
and shows little mineraUzation. A shipment 
of ore from a point between the Black Dragon 



[ron -Blossom No. 1 to the contact of limestone ^^^^ ^^^^ ^^.^^^^ ^^^^^^^ ^^^^^ ^^^^^^^ _^^^- .^ 
iud iiionzonite porphyry, and mcludes also the -^^^ 7 p^,. ^cnt of copper and 4 ounces 



Dragon iron mine. It is owned by Jesse 
Knight and associates and in li)U was man- 
iged by L. E. Riter. 

Devdoprt^ent.—ThQ Dragon vertical sha.t us 
unk ov^r 100 feot south of the contact between 
iroestone and monzouite porphyiy. The alt i- 
ude of the collar is 6,817 feet, the total depth 



of silver and 0.4 ounce of gold ti> tho ton. 
Still lower, at an altitude of 6,650 feet, the vein 
is intersected by a long crosscut on the 300- 
foot level of the Star mine. Finidly, in tile 
Governor claim it is opened from Iron Blossom 

1 Tcrw«. 0. \V.. Jr.- acl flmJth, 0. 0., op. o(t., p. 7M. 
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No. 1 shaft on its level 6 at on altitude of about 
6,700 feet and on the corrfsponding level 3 froin 
U'.e Governor shaft. It is also opened in fho 
same claim for some distance by lorel S of Iron 
Blossom No. I, and, ns stated above (p. 214), 
level 10 folliiws the snnic vein but in Iron Blos- 
som ground, parallel to the Governor side liite 
for 1,500 feet south. 

Tlu-oughout tliese workings the vein, thonj:^h 
as a, nilo small and tight, is well marked by 
ft fissure and some evldenco of sllicirication, 
but little ore lias so far been found. On level 
8 the voiu is 4 feet wido and shows uqucIi 
limonito and copper stains ou the outside and 
a narrow stroak of pyrite, enai^ite, and barito 
in tho middle. The stopes of siLceous ore on 
level 5 of Iron Blossom No. 1 have been car- 
nod about 100 feot into Governor groimd. It 
is said that commercial gold ore has lately 
boon opened at somo places m tho Governor 
claim. 

Vein iienr the ccmtoct. — Deeper explorations 
havo beon carried on from tlio Dragon shaft 
eloso to tho contact of Ilmostone and mon- 
zonitc pnrphyry. Tlie vein apparently inter- 
sects the body of limonit^i that occui-s on tho 
contact Ip. 258), but it is not clear whether 
the fisaiu^i continuos into the jwrphyry. 
Closo examination is difiicult, because the 
porphyry for several b^mdred feet south of 
tho contact is exceedingly altered, bleached, 
and kaolinized, as is indeed also the limestone. 
Tlio nndei-gvound workings have not reached 
tho igi\coiis rock along tho vein, for tho con- 
tact dips steeply to tho soxith, so that lime- 
stone underlies mouzonilo porphyry. Abou". 
800 foci south of the deep shaft is the King 
Juraos vein, in monzonite porphyi-y, and as 
this Men in tho general direction of the Dragon 
voin, it is probable that the vein crosses tint 
contact. 

Tho simft is sunk in altered porphyry but 
tntereocts the contact a little ahovo the 300- 
foot lovol. At some places the lim^tone is 
rather coarsely crystallino. Tlio geologic con- 
ditions ut tho shaft ure tloscribod in more 
detaU on page 259. 

Fragments of voin matter containing quarta 
and barito have been found in the iron ore 
noar tI-,o surface. A raise from the 30Q-foot 
level to the aui-faco has followed vein matter 
surrounded by and stained with iron hydioxide. 
A voiu in line with tho Govomor vein Ls ex- 



posed on tho I7r>-foot level; it contjilna qiiartz, 
barito, and a little pjTito. The pyritc is 
oxidized oidy in part, though the walls con- 
.^ist of tho kaolin which sujTOunds tho iron 
deposit. Besides these veins soveral sihcA.'ous 
lenses carrying frnni .3 to 5 ounces of silver 
and from 0.01 to 0.05 ounce of gold to the 
ton have been found in tho iron ore. On the 
.300-foot lovol tho voin has been followed for 
400 feet. The same fissui'O ii3 cut on tho SOO- 
foot level, on which it carries barito with a 
little load and copper. Ou tlio 1,025-foot 
l(;ve) (altitude 5,790 f(!ot) tho vein shows only 
silicified hmmtmio. Drifts to tho southeast 
on tho 800 and 1,025 foot levels havo also 
disclosed tt narrow fissuro trending north- 
northeast .300 feot east of the Governor 
voin and possibly cx>rrospondhtg to tho Turk 
voin, opened farther north, and to others that 
extend eastniorthoast, &nd show a few feet 
of altered lim(^t<)no with quartz and galena. 
A small shipment from the last-mentioned 
veins contained 22 por cent of load and 9 
ounces of silver and 0,8 ounce of gold to tho 
ton. All these workings are still in liroestono, 
and though a crosscut has .been made in tho 
igneous rock on Iho 800-foot level (ho Govomor 
voin is not found in the igneous rock in the 
plac* where it should have been cut. On 
the two lowest levels the igneovts rock is not 
an effusive porphyry but is clearly monzonite, 
though it is somewhat impregnated with 
pyrite, sericite, and calcito. 

Much of the ore in the narrow veins of the 
Dragon property shows a relatively high 
txinor in gold, running as high as Slt> to tho 
ton, and contains both copper and lead, 
though net necessarily together. High con- 
tents HI gold locidJy cOLueido with low con- 
tents in silver. 

MINES IN THE EAST TINTIC DISTEICT, 
ByCt. K. Louonn.v. 

The name East Tintic district is here used to 
represent tho areu within the Tintic quadi'anglo 
east of meridian 112' 5' and south of the 
Denver & Kio Grande Ruihoad. Only two 
properties in this district have beon productive 
since 1911. These woro the properly of the 
Rflst Tintic Development Co., which was being 
oj>erated under lease, and that of the Tintic 
Standard ilining Co., which was being pros- 
pected. 
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PROPERTY OP EAST TIXTIC 1)EVKU>PMENT CO. 

The Eiist Tintic Dovolopment Co.'s properly 
is situnted 1^ miles due ousl of Kjiiglil.villo, 
where a WHgon road crosses the iuutow jiock 
of limestone. (See PI. I, in pocket.) Tbe 
property cxtond-s in a jiortb-soutii direction 
from J2o to 1S5 feet, and its oasNwest dimon- 
sion is 700 feet. It lirs h\ tli4^ midst of seveml 
claims owTied by difTerent pet'sons in iOi 1, nud 
the diiricidiies attending development work 
near the booindary liiica bad then euused ;] 
suspension of systematic work ponding an at- 
tempt at consolidation with the surroimding 
claims. Since the mine wns studied the 
property has changed owners and a coiisolitbi- 
tion has been made. Development work 
below the levels bore described was being 
carried on in the later part of 1916. Tlic 
company prior to 1911 hftd mined over 50 
carloads of lent! ore avernging -12 per wnt of 
lead and 2 to 4 ouncoa of silver to the ton. 
Oxidized zinc or© was tornierly thrown on the 
dump, but durinj; the summer of 1912 and 
1913 the dump and the load slopes wore 
worked for zinc ore by lessees. About 1,()00 
tora of zinc ore wiis shipped up to July 1, 191."J, 
when the lease expired. 

Thosuj-fnccoquipmen t in 19 1 1 included asmall 
stenin hoist, a compressor, mid a jig. The ore 
was hauled by wngon to the Iron Spur aiding on 
the Denver & Kio Grande Railroad, 1 miloeast 
of the baso of the mounteins and 6 miles from 
the mine. The underground workings imluded 
a shaft 500 feet deep (altitude of collar about 
6,000 feet), with drifts on the 70, 130, 2-30, 330, 
and 500 foot levels. All the levels but the 
deepest had exposed shipping ore. 

The country rock is tlie Stiddb Cambrian 
limestono, including the Herkimer tmd lower 
formations. The surface e.\posures of lime- 
stono (PI. I) are sun'ounded by the Packiird 
rh^'-olitc, which, to judge from (ho nltitude. of 
rhyolitc-covered siumnit-s to tho north and 
west, miist origmally have formed ii cover 600 
to possibly 1,000 feet thick above the present 
limestone siuiace at tho mine. 

The limestone b^ds are nearly horizontal, 
forniijig a very flat local aniiclijie, or dome, 
whoso axis is close by the mine shnft. Fis- 
sures and faults have not been studied in dct-ail 
on tho surface. Those found undergromul 
belong to two systems, one trending nearly 



north and the other N. 70° E. Both have 
l>een influential in tho concentrtuion of the ore. 
'ITn? ore body, so fur as developed, is a re- 
placement vein, following a general northerly 
c*tursi\ v/ifh ti few eidrtrgements nt the intor- 
soctitma of cross breaks or easily ropln^ed 
limestone beds, Thore is a small outcrop of 
iitiiuerulizcd rook a short distancti northeast of 
tile (jliiift, but no work has been done on it in 
recent veal's. The highest stopo (fig. 4-1) is on 
the 70-foot lcvi-1. Hei'c a atrong but biirren 
fissure, striking N. SO"^ W. and dipping 70'' NIC. 

w. r 




—3 JO* 



EtelTintlii novoiopnujiitco.'jfvojii, 

crosses the workings 30 feet ojist of the shnft. 
At 8 or 10 fwt farther east is a second fis-sure, 
Btrildng north and dipping 6.5° E., whoso 
formation was accompanied by nuich shuttering 
and by nunendization. Tlio hanging wail is a 
coiifu.sed aggregate of blue and wlTite'limeatone 
fragmcJits. Tho ort. in the small sU>po is con- 
fined to the hnngiiig wall and consists of nither 
fine grained galena, accompanied by ceriisite. 
It occurs in bunches and bouldons, tho laigest 
weighing over 1 (on, in a gangiie of the white 
hjiiostone more or less decomposed to a yel- 
lowish-brown snndy matorial. The blue rock 
is practically ftbsent where ore is prominent 
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and has «viclo.iitly boen replaced. The oro hua 
also ftllod sniiiU fractures and irroguliir opnu- 
ings. No quartii nor silicifiud rock has boon 
found ui tho ore body on tlus level. The oi'o 
assays only 2 to 4 ouixccs in silvor to tho ton. 
The same mineralized (Issure, dipping TO'"' 
E,, is cut on tho 130-foot level GO foot CM:^t 
of the shaft. The ore and wall rock [sresient 
tho same characteriHticy and relations us on the 
70-foot level. OuJy one curloiid hud boon 
shipped from this level np to the tlino of tlio 
writer's visit. This shipment yielded 5S per 
cent of lend. The ore connects downward 
with a stopo .35 to 40 feet lonj; (from east to 
west) and 10 to over 20 feet wide (from nortli 
to south), which follows a cross break striking 
N. 70^ E. and dipping very steeply southward. 
This stopo hoa so far yielded tho richest ore. 
Its east end lies .3*) feet below the 130-foot 
level along a N. 15° W. fissuro w«ll and con- 
nects on tho oast with the upper end of a barren 
cave, which follows a aemiclrctilur eoui'sc 
from this point down to the 230-foot level. 
Tho cave is lined with a white crust of fibrous 
calcito, upon which tho Ilat calcito rttomi>s 
iiro perched. The west end of the slope is 
whero tlio downward continuation of tho wt*st- 
ern fissuro on the 70-fQot levol should meet the 
cross break. On the north side of tho cross 
breiik tho stopo pitches northward in pipe form 
for about 10 I'cct along a fissiu'O that strikes 
N. Sri" E. and dips about 4.5° W., beyond 
which it assumes a voinliko form. The vein 
follows the west dip to u point 30 feet above 
the 2.30-foot level and there savings to an east, 
dip of about 50''. On the 230-foot level tho 
strike of tho vein is N. 15° Ifi. and tho dip 
75° E. Ore has been stopod continuously 
from tho 130-foot to tho 230-foot level; the 
stopo length along the vein rang&s from 60 
to 120 foot and its width from 4 to 10 feet. 
At 10 feet below tho 230-foot level and about 
130 feet north-northoaiit of the sliaft a flat, 
circular shoot about 30 fe<-it in diiuueter, re- 
placing a blue Imxestone bed, has been stoped. 
It spreads from the west side of the vein and 
ranges from hori:^ontality to a dip of 30'^ ^Y. 
Ore from the bottom of this shoot has been 
followed in a winzo down a N. 45° "W. dip to a 
point 51 feot abovB the north end of tho 330- 
foot level. The ore from tho 70-foot level 
down to tho bottom of thia winzo, a vertical 
distance of 209 feet, is praclic»Uly free from 



quiirtz. Tho rein crosses the shaft 30 feet 
above the 330-foot level and on that levol lies 
10 feet west of the shaft, striking N". 1.5°-20° 
W. and dipping 70° W. South of the shaft 
its .strike curves to northwest. Tho vein has 
been followed on the 330-foot level for 100 feet 
and hi"i3 a geucrnl widih of 5 feet, though at 
one phico it bulges to 10 feet. The footwnll is 
well slickonsided, and the grooves pitch 60° N. 

Tho primary ore minerals on the 330-faot 
level arc galoiui and some zinc blende, for the 
mo.st piH't in singlo crystals thickly dissem- 
inated, and tho primary gnngue is chiefly 
quaili! with some barite and fragments of 
unrepla^^od wall rock. The quarti: is of two 
genorationa, as in the Iron Blossom zone; and 
shows the same leached character in places. 
Tho ore occui-s in bunches and assays 10 to 15 
ounces in silver to the ton. Some oxidized load 
and zinc ore is present, also small pockets 
containing flat calcito rhombs and showing 
iron and manganese stains. 

The main bodies of oxidized /,inc ore were 
rained along the walls of the lead stope be- 
tween the 230 and 330 foot levels and in the 
bottom of the stope on the cyoes break. Tho 
ore was evidently concentrated by leaching 
from tho upper levels, downward raigi-ation, 
and replacement of the limestone walls. 

At 00 feet northeast of the shaft on tho 
330-foot level a crosscut passed thi'ough aliout 
40 feet of soft ground heavily stained with iron 
and manganese oxides. A similar occurrence 
is said to have been found on the 500-foot 
level ISO feet oast of tho shaft. These two 
occurronces are approximately in line with 
tho oflstward-dipping portion of tho stoped 
vein on tho 230-foot level, but no Icitd has 
been found in them. No attempt had been 
made to cut the main vein on the 500-foot level.' 

TIN'TIC STANDARD MINE, 

Location and general features. — The Tintic 
Standard mine lies just oast of that of the East 
Tintic Development Co. and extends about a 
mile from north to south and less than half a 
mile from east to west. The old shaft, near 
the west aide of tho property, is about 1,500 
feot east-southeast of that of the East Tintic 



' A F{i«;itiica in-.f^TM in Jantiry, 1913, from now wcrka approxi- 
mflWly In line with o downwuril torttlnuiUon ai th* \e\\i shovt-c Id 
ngara 41 oonsb.'U ot onargltf?, lolrahcdrflc, and Tivrito with qiurli and 
bnritft. Tiiisciny indicate a InrUiercliaDKe o( niinernl conienta Inlbl3 
vein simllur to tliat lu tho main ore zones ol Iho TmOa tllslriot. 
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Development Co. It is 1,000 feel deep, \vith 
drifts on the 400, 700, 1,000, and ■' 1,200" foot 
lerels, und inclined winzes extending from tho 

1,000-foot down to the 'l/JOO-foot" level, and 
from tho" 1,200-foot" down Ui the" 1,600-foot" 



or 4 feet by vertical sHpg of northward trend, 

Tho slialo is soft and partly kaolinixed, re- 
sembling dec(>mposed rhyolito porpli>Ty. The 
ore forms smnll pocke(s or bunches oloii* the 
contact, niost-ly replncicg the quartzite but 
also replacing siiale to some extent. The fiist 



level, 1,.'?00 feet below the ooUar of the shaft. A 

new shfift, across the gulch to r.}ie north of the j shipping ore was found lato iu 1913 on tho 

old shftft,wa3 completed to adepth of l,2G0feot l,00()-foot le\^el about 9o0 feet north of the old 



shaft. About 40 tons was shipped, netting 
over S40 a ton. The silvej- content, which \\'iia 
low elsewhere on this level, was iiigh at this 
place, I>ul thoi-ough nltenitiuu of tho rooks pre- 



ra 1917, and a connection was made with the 
principal stopc on thjit level. This shaft ^^^I1 
^■eatly facilitate handHng of the ore and will 
improve the ventilation of tho nijiic, which has 
heretofore been so poor as to impede worldng. | vented rccnjinition i>f nnj fissures in comiec- 

At the surface the Packard rhyoUto and the! tion Willi the liij^cr-grade oro. 
undoilying bed of rhyolito tuff rest upon the [ Ti\e ore on tl;e 1,000-foot iovel is principnUy 
Teutonic limestone. The luiderlying shrtle is ' galooa, acconipituied by minor ;inu)unlsof very 
either exceptionally tliin at the shaft or is i Tme grained pyrite, zinc bleude, and tctra- 
locally eliminated by obscm-e f£.ulting; for hcdritt^ The galena consists of ftnc' irregular 
the shaft is said to extend for about 650 I to cnbic grahis iind around smnll vucjrt forms 
feet thi'ough hmestnno of prevaibofjlj' shaly 



character and thou to pn&s through, ft small 
thickness of shale and to reach at a depth 
of 670 feet the Tintic qiinrtzite, which per- 
sists to the l,000~foot level and beyond. 
TI\e northwest dip of the strata brings tho 
quartzite and shale contact to the 1,000- 



cubes with trmicated corners, rfpecimena of 
galena in shtJe show a finely streuked or 
foatheiy texture resembling that of the siiJph- 
antimonito janiesomtej but blowpipe tests 
failed to detect any antimony. The pyrite 
occurs in minute scattered grains and in smidl 
linear streaks. The zine. blende forms scat- 



foot level along the northwest di'ift. Tiiere | tered grains inclosed in galcnn or pyrite. It 



is a pronoimced seepage of water from liio 
shale, but pennuncutgrourd-water level has not 
been reached. At the 700-foot level tho shaft 
pusses through a faulted anticlinal axis of 
northeasterly trend, the strain dipping 20''-25° 
to tbo southeast and northwest. The shnlo 
exposed on the 700-fc>ot level is onl^' 20 to 
25 feet thick and is gi'oatly kaolinized. Two 
decomposed rhyolite dikes have been cut, one 
near the shaft on the 700-foot level and the 



is so fine ns to esi^ape detection in most speci- 
mens but is readily found in thin section, 
Tetrahedrite mixed with galeun and pyrite is 
prominent here imd there, especially nlong tho 
southwestern part of the drift, where it forms 
a streak 2 to 6 indies thick und is siiid to assjv3' 
aa liigh as SO ounces of silver to the ton and 22 
per cent of copper. The gangue is chieUy 
qaurtz \Wtii vrirjang anioujits of barite. Tlie 
bnrite appears to bo most abundont where the 



other near the north end of the 400-foot level, copper minerals are conspicuous. Tho quartz 



An easterly fault zone with down slip to 
the north extends along the gulch just north 
of the shaft. A strong gossan-stained quartz 
outcrop lies in or closely paraJlcl to l-Ms fault 
zone on tho north wall of the gulch. A few 
prospect holes havo been dug along it, but no i enlai^enient to recryatalHzed quartz with dis^ 
promising quantities of ore have been found. ' tinct prismatic outUno. The ore mineriJs occur 

Lower loorkin^is. — The principal ore zone is largely as a continuous network in the inter- 
along the contact of quartxitc and shale, from jstices nmong the sand grains juid in places ils 
the 1,000-foot down to the "l,GOO-foot" level, small solid masses completely replachig tho 



ia not prominent in the Iiighest-gradc ore 
specimens but in thin section is seen to <rom- 
priso over 50 per cent (hy volume) of tho whole. 
In chtiraetcr the quarta ranges from quartxito 
with tho nriginnl sand grauis siiowicg secondary 



about 1,300 feet below tho coUar of the shaft. 

The northeast drift of the 1, 000-foot level, 

reeched by a northwest crosscut from the shaft, 

follows thoquartzite und shale contact, which at replace the rock to some extent. Where it is 

short intei-vals is offset from, a few inches to 3 j rephw^d the shale, originally composed for 



rock- In tho .shtJe the ore and gangT.i6 noinernls 
lie mostly in openings along the lamination 
phmes luid minute cross frftcturcjf., but they 
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thp most part of microscopic quartz and sori- 
cite, hfi9 changed to a muss of rerj' fine 
;^rained, practically hunen quartz. The ziuc 
blend*^, galena, and baritc arc confined to t]ic 
frdcliircw or the rock immediately adjii<rcnt. 
Tim pyriL*, however, is scattered all tlirough 
the shale, as single granules and an minute 
fracture fillings. 

Partial oxidation has dov-eloped ccrusite and 
locally mahwliitG and (txurite, also more or less 
limonito and a little culcitc. Some bundles of 
lead oiH! are entiiely changed to ccnisitc. The 
w'uvAo, which follows tlio contact do\m to the 
" l,200-foot"levcl,ha.s8Uown theorobunelies to 
continue to that depth, but none large enough 
to constituto shipping uro have been found. A 
showing of zinc ore is said to have been found 
in this winze. 

The high-grade ore on the 1,000-foot level 
was followed by an inclined winze down the 
dip for about 70 feet to the " 1,100-foot" level, 
where short drifts were driven in ore for 40 to 
50 feet on each side of the winze, ^neiding tliicc 
carload shipments. About 70 feet farther 
down the winze and 15 feet above the " 1,200- 
foot" level another shoot, 50 feet long and 10 
to 15 feet wide, was mined, the slope trending 
alwut N. '25*" E., or about parallel to the pre- 
vailing system of northerly fissures. Ore 
shipped from this atopo and the "l,LOO~foot" 
level was considerably oxidized. It contniuod 
0.06 to 0.1G5 ounce of gold and 5.05 to S.7 
ounces of silver to the lonj 18.7 tn 3o.65 per 
cent of lead, 26.75 to 52.5 per cent of insoluble 
matter, 1.2 to 4.55 per cent of sulphur, and 9.9 
to 14.7 |X)r cent of iron. The gold content in 
this ore is considerably higher than tiiat in ore 
nt lower levels and may tiiguify il small *legi'eo 
of onrielimGiit. The ratio ounces of silver to 
per cent of lead is low^ ranging from 0.19 to 
0.27, the quantity of silver V)ir\ing dii'ectly, 
though not unLfonnly, with that of lead. 

At the '' 1,200-foot" level the winzo entered 
a small shoot of oxidized zinc ore, which had a 
ma.\imum thickness of 6 feet, thiimiug both to 
the east inul to the we«t, and which Yiehie<l a 
carload shipment. The ore still shown ia the 
oast fiu'o of the stopo is browni fiiie-graincd 
Binitlisonite that contains drusy vugs and is 
similar to the ''browu zinc" ore of the Hay 
Day, Yankee, and Geinini miues. It is sitid to 
contain an average of 33 per cent of zinc. So 
far as could be determined in the iion-stuined 



walls of the stope, the smithsonite had been 
formed by tlio replacement of a small lens of 
limestone just alxtvo the quartzite. 

From this stope the "1,200-foot" levtd was 
e.vtendcd eastward for about 150 feet along 
tiie uunerah/.cd contact of quartzite and .shale, 
wb;<--!i <'onsisted. as elsewhere, of yellow and 
brown stained quartz, with a low content of 
galena and cerusite. Where indications were 
most promising along a marked fissure zone 
trcn<hng about N. 25° E. another winze was 
sunk along the dip for 380 feet to the " 1,600- 
foot" level (1,30D feet below the collar of tlie 
shaft), and an east drift, the "1,550-foot" 
level, was run from it 330 feet down the incline 
from the "l,20fl-foot" level. At the top of 
this winze, called the lower winze, a small 
fthoot of copper minerals, similar to those on 
the 1,000-foot level, was mined, the ore con- 
taining 0.025 ounce of gold and 17.6 oances of 
silver to the ton, 10.18 per cent of copper, 50.0 
|Xfr cent of insoluble matter, and 13.2 per cent 
of iron. Small bunches of copper minerals 
were found for some distance along the incline. 

A short distance above the "1,550-foot" 
level the dip steepens, taking the quaitzite 
below tho floor of the ^vinzc. On the " 1,550- 
foot" level silicified shale and perhaps shaly 
limestone, more or less breeciated and ii'on 
stained, are pron\inent along fractures. This 
material was mined along the di-ilt for about 
100 feet and contained O.Ol to 0.02 ounce of 
gold and 8.80 to 17.05 ounc^ of silver to the 
ton, 2.65 to 10.90 per cent of lead^ and 0.20 to 
0.37 per cent of copper. Returns on one sliip- 
meut having average lead and silver content 
showed 64.6 per cent of silica, 3.10 per cent of 
sulphur, 9,8 per cent of iroii, and 1 per cent of 
zinc. In thoroughly oxidized material along 
northerly fissures and minor fraetm-ea as liigh 
as '100 ounces of silver to the ton, parth-^ in the 
form ot \vire silver, was rejxirted. The silver 
in Litis ore is most abundant where lead is least, 
ajid the wire silver in oxidized material signi- 
fies emichment. 

This siliceous ore a^ a whole consists of dark- 
gray dense quartz, with very fbie, evenly 
scattered grains of pyrito and with thin 
streaks of galena ond cerusito along original 
betiding planes. Microscopic sericito is in 
places sufficiently abundant to render the rock 
a little softer thou steel. In thin sections it 
appcQi-3 as a fine-grained feltlike mass of quartz 
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and sericito, with thickly disscmiiintod pyrite, 
contiiiiiing parnUel bands of galena ond rcla- 
tivoly r.onrse prismatic ^niiiis of quartz. The 
gnleaa is in part rcplacrd l\v corusito, which is 
accompanied by a- liMlc kiioUn. The quartz 
and shnU^ of the pyritir ])Oi'iion may bo in- 
terpreted as mostly » iTcrystnlU/.iition of the 
constituents of ahnlc or sluily limestone, but 
the predominance of q\iarl/. nho indicjitos nu 
addition of yilicfi. A spe<:imen of the brecci- 
atod rock consists of inclnsions of silicified sbnlt? 
as much as half an inch iiv diameter slirrhtly 
impregnated with extremely fine griiini-d py- 
rite, in a siliceous matrix of less tine grain con- 
taiaing pmto, gulenn, and a IHtle barito. In 
tliin. sections the inclupions coiisisted mainly 
of VQ,ry fine graiiicd quavtz, sericite, and pjTite, 
with here and there a relatively large, partly 
developed crystal of qnartz. Tim matrix con- 
sisted raairUy of coarsor grains of the same 
minerals, the quartz mostly in rather well 
developed crystals and the sericite partJy 
segi'egated into tufthtcc aggregates. P\Tite 
as a whole presents distinct ci-j-stul houndnries 
but incloses and is intorgrown to some extent 
"W'ith quartz and sericito. Thu galena show-s 
similar robitions to quartz and sericite, but 
hu.s only irregular outlines, llio barite forms 
typical tabular crystals of synchronous growth 
with some of the quartz, but ulso cut and re- 
placed by veinJets of quartz and seriiite. 
These relations of the niineraU to one another 
ftro generally similar to those in the ruuiu ore 
zones of the Tintic district. 

The sihcoous body just described in part 
overHcs the principal stope of the mine, opened 
just west of the bottom of the winze on the 
"1,600-foot" level. This stope when visited 
(Dec. 11, 1016) was of rectangular outline, ex- 
tending 110 feet in a northerly and 60 feet in a 
westerly direction, and was 12 to M feet high, 
with ore still showing in the I'oof and on the 
east, west, and south sides. Its southeastern 
part had been extended beneath thn winze. 

The north face of the stope consisted of 
silicilied shale beds dipping southward at a low 



exact position concealed by si deification. Such 
a fault m the quartzite may be represented by a 
flexm-e or ''roll" in the shale. Besides this 
fault and the northerly fissure zone followed by 
the winze, two other Qortherly fissures were 
noted in the stope. The ore shoot appear to 
owe it-s extstenco, therefore, tO' the opening up 
of the strata where the northerly fissures inter- 
sect the easterly fault. 

The oro iu the main stope consists of alter- 
nating layere of liigli-gj'ade and U>w-grado 
galena. A little high-grade conLsitc was ex- 
posed in the roof of the stope. The high-grade 
layers evidently replaced shalo along the more 
open bedding planes and doubtless replaced 
any beds or lenses of limestone that were pres- 
ent in the shale. No remnants of unroplac^d 
hmestone were found. The high-gi-ade galena 
consists of aggregates of grains ^ miliinioters or 
I less in diameter, in whii'h are scattered lenses 
from half an incl; to 2 inches long of fine-grained 
galena. There is nothing to indicate that the 
fine-grained galena was deposited later than 
the coarse. The finc-gi'nined galena is also 
associated with small crystals of hnrite and 
[>yrite at the borders of tlie lugh-grado layoi's. 
Only a veiy little pyi-ite and ganguc are found 
witiiin tiie high-grade galena. Polislied sur- 
faces of the galena arc seen under the micro- 
scope to inclose scattered minute crystals of 
pyi'ite and dropUke or irregular grains of argeu- 
tite, none of wliich showed indications of sec- 
ondary origin. A few specks of an unidentified 
mineral with lighter-gray surface than argen- 
tite were also noti:'d. 

A thin section of the gaugue showed it to 
consist of baritc in typical ciystals, with fine 
fringes of sericite, wliich separated it from 
galena. A little sericite was inclosed in tho 
galena, but quartz was incouspici^ous. 

The lower-grade layers represent the less per- 
meable beds of shale. In places these Iiiytu*s 
consist of thin paraJlc! streaks of "-nlena imd 
ccrusite along bedding phmcs in a partly do- 
composed p\Titic shale showing small white 
spots of kaoha. These spots have some re- 



angle and indicating a local shallow trough- .semblance to phonocrvsts of feldspar in altered 



like structure. No trace of quartzito was 
found, even at the south end of the stope, and 
it is therefore inferred that a cross break or 
en.sterly fault exists between tho south end of 
the stope and the point whore the quurtzitc 
disappears below tho floor of the winze, its 



porphyi-y, and this variety of tho ore has ac- 
cordingly Ijeen termed "porph^Ty ore." No 
true porph>Ty has been found in or near this 
stope. Thin sections of this shale or "por- 
phyry" show it to consist of finc-grftiuod quartz 
ftud sericite accompanied by very ane grained 
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pyi'Ko and partly developed crystals of quartz. 
Tbcae quartz crystals form tho greater pnrt of 
the "porphjTy ore" and are accompanied l»y 
pjTite and laycra of galena. Soricite is tou- 
fined to the less silicilicd reiimanta of shalf. 
WeatberJug processes hnve clianged pjTito to 
hematite and limonit^^, galena to cerusite, and 
Lho remnants of shalo to kaolin. 

The principal metal coutont of ore shipped 
from this stopc up to December 8, 191B, ranged 
as follows: Gold, O.Ol to 0.016 ounce to t-he 
tun; silver, 8.4 to 3;J.25 ounces to the ton; and 
lead, O.GO to .'iT-SS per cent. Other eonstit- 
ucnts determined in a few Khipments ranged 
03 follows: Copper, 0.15 to 0.20 per cout; zinc, 
0.40 to IMQ per cent; insoluble matter, 3S.20 
to 61.5 per cent; sulphur, 0.45 lo 9 per cent; 
and iron, 9.05 to 16.3 per cent. 

The ratio ounces of silver to per cent of lead 
viirics widely, from 0.41 to 1.38. The silver 
roriLeut up to 20 ounces to the ton varies for 
the nnwt part directly, though not aniformly, 
with that of leatl. As the silver content rises 
above 20 ounces to the t-on the lead content 
tends to decrease, though not imiforrtdy. 
These data suggest that a silver content in 
excess of 20 ounces to the ton may be due in 
part to eni'ichnient, but no proof of enrichment, 
cither mcgflsoopie or microscopic, (X)uld be es- 
tablished in the ore a^'adablo for examination 
l>y the writer.' 

vSiuco the writer's last visit to this mine, in 
December, 1916, the now or northern shaft, 
liav ing tiu'ce compartments, hits been com- 
pleted to a depth ol 1,300 feet. Accordijig to 
Ml'. E. J. Raddatz, manager of the mine, tho 
upper 525 feet of this shaft is in porphyiy (rhy- 
olite), and the remainder in "Mammoth" 
(doubtless itiddle Cambrian) limestone. Ore 
was struck in this shaft at a depth of 1,174 feet 
and continued beyond the bottom of the shaft. 
This ore is associated with a fissure striking 
about N. 10" E. and dipping 80" E. A suite of 
oro samples from tho shaft were sent to the 
■vrritor by Mr. Knddntz. One from a depth of 
1,180 feet consisted of fine-grained galena and 
tetrahedrite with a little pyrite in a gangue of 
barito and oherty replacement quartz. Four 
specimens from a depth of 1,250 fceb range 
from fine-grained massive galena with very' 
little pyrito to fine-grained massive pyrito 



• Tbo viliii'olnliipmL-ma Itoin Uiis^topo WAS s mild Wit to put this 
mtnc jji (hdgiuup of dividend pujvs In 1917. 



with little gnlena. A little zinc blende is 
also present. The tetrahedrito and baritc are 
said to disappear and galena and pyrite to be- 
come more prominent at a depth of 1,220 feet..= 

The ore in the lower workings of the Tintic 
Standoi'd mine is generally similar in metal 
content to the silver-lead ore in the Iron 
Blos-^om zone between the Spy fault and tho 
Yankee mine, and in the Eagle and Blue Bell, 
Chief Consohdated, and Gemini mines of the 
wostern ore zones of the Tintic district. Tho 
rclaiivcly higher silver-lead ratios in the ore 
on the "1,600 foot" level indicate that it is 
in or near a nniin channel of ore deposition, 
whereas the lower ratios on tho "1,100-foot" 
and " .1,200-foot" levels suggest a more remoto 
position. Tho site of intense ore deposition in 
this part of the mine is evidently the intci-sec- 
tion of the easterly fault with the quartzite- 
shale contact and with iLisociated northerly 
fissures. Tho ore solutions doubtless rose 
tbrough the quartzite along northerly fissures 
in this vicinity, as in the Tintic district to the 
west, and spread where those fissures were in- 
terrupted or tightened at the quartzite-shalo 
contact; but the opportimitj' to deposit com- 
mercial quantities of ore in those relatively 
imfavorahle rocks was afforded only where 
disturbance along the easterly fault had ren- 
dered the rocks more permBablc. The ore 
body found in the new shaft is presunuibly, 
like that in the East Tintic Development vein, 
ft replacement voin deposited where solutions 
worked their way tlirough a much shattered 
poj-t of the shale into the overlying limestone. 
Further developments ii\ this part of the mine 
should afford interesting dat^i. regarding the 
occurrence and distribution of ore shoots. 

Upper w<yrJcings.—A small bunch of ore is 
said to have been found along the quavtzite 
and shale contact on the 700-foot level. The 
southeast drift on this level passes obhqucly 
across an easterly fissure, probably a fault, 
along which small pockets have been dissolved 
in the quartzite. Tho pockets are imperfectly 
lined with small, poorly formed quartz crystals, 

> In Jannarj, lOi.t, a now are boJy hatl Uwn opened oa tho I,i.f»-lDot 
l»vcl, oloao by th« new sbalt, tor a lenfth nf M loot. It bas yieldad 
!>oin« very rieli oro, 2 citrl(«<L) nvcriyir^t oDoeuli in fold and 3S3 ounces 
o( siU-<>r lo Iba ton, 10 per <Nnl «l oopiKT, ami 4 pir eaai ol 2^1. 
P'^kcd»xmplc«hav«a£'ar«dor<r 1 ounce ol sold and 2,C«0 o^mciu ol 
aUvM to tha Ico. In Ki).M.m«nj aont to tti» writer tli» prlmnrj' wo 
mi no rj Is are telrahttririi*, •narEUn, pyrite, and {nliiOA: tho seeootl.uy 
mincrils a™ citlvo silver joJ coppor, ottUtf littc,azurl[o, and chalc«dte. 
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ajid some are soid to have ronUineil i\ little 
copper niiueriil. 

On the 400-foot Icjvcl a iiortlierly fissuii^ lu 
ahmly Iiinc3toii0 has beeri cut flboiit :i7'> (wi 
due soutl.Gitst of the shaft. Wheio foUowed ir 
i9 slickensided and gcneriiUy tight but coiUauis 
srnoll strenUs of galena mixcJ ^Wili on incon- 
spicuous quartx gun^^ae. 

On the nort.b ilriftof tlin400-foot IotcI 50 to 00 
feet north of tho eastwiird-tre-iuiiti^ gulcb aiul 
UJider tbc quartz outcrop, is n considerable bml.y 
of bi-o\m iron and black inonguuese oxides niixod 
with kaolin. It bus replaced the ahnly liiiic- 
stono along a fissure. It extends on both sides 
of the rbyoUtc dike, -^vbicb is cut by the Hssnie. 
Tlie diko, though kaoluiized, hfis not been i^on- 
spicuously stained by iron or mangaaese oxid{^s. 
A bfctle quartz or silicified limestone along the 
fissure remains unreplaced. 'Hie replacing min- 
erals are not sufHciently aeparnted t^o make ore 
of shipping gi-ade. In other respects the body 
is of the sfttuo general clniracter as the Pragon 
iron deposit. 

A strilving feature of the mine is tho high 
leioperature (93° F.) of the lower workings and 
the presence there of a gns of more or less sul- 
phurous odor. The level to which tliisgfis rises 
j» the mine fluctuates uHth tho barometric pres- 
iiiro. Air is forced into the mine forventilatiou. 
vThen the baroiuetric pressure is high the gas 
3 kept at the floor of the 1.000-foot level, but 
-vhcn ifc is low the goa may rise as far os the 
roUar of tho shaft find prevent working for 
loui-s or ftven days. Ko gas was struck until 
ho shaft wna sunk into the quartzit^. Tho 
mly reasonable explanation baaed on available 
lata seems to be that oxidation of tho pyrito 
vhich is (ligsemiuatGd thi-ough tijo slmle, sup- 
jiementod by the sulpiiido minerals in ore 
)imches, has left sm excess of nitrogen imd has 
;enerated beat and suiphuroua anhydride, also 
ulphiiric acid, which would react with nny 
imestoiiQ layers in the shale imd generate car- 
)0n dioxide. The impervious chamcter of the 
halo would tend to keep these lie«vy guscs 
fom a.scetidiTig and would force them to ac- 
■umulate iu the quartzite. Tbc presence of 
rou oxide deposited i)y wa.t*r seepmg from the 
halo, tlio corrosion of pipes wvd raUs m the 
Ifift and efflorescence on the walls and on 
Lri sh^xle spechnens of iron, ah.mmum ca!- 
■„m, and aUuUi s.dphates aU lend support to 
lis explanation. 



¥DTUBE OF THE EAST TIUTIC DISTHICT. 

By G. F. I.oTJouLiN. 

Work in tho Tintic Staadard and Rust Tintio 
j Pevclopmciit mir.es hns proved that ore has 
! been deposited there in considerable qtiantity 
in rocks that in the Tintic district proper lie 
west of the foul" oro xonos tiud arc regarded m 
rcliitivoly unfavorable for ore dcp':>sitioa. The 
mild dugrtic of metainoqjhisra i:i the hnicstouo 
less timn a mile south of these mines, together 
with the presence of dikes and smuU irregular 
intrusions of monzonito porpli>Ty, indicates a 
minor intrusive eentcr tliere as the most 
probable source of tlie ort\s in the Eost Tintic 
district. The solutions from tliis source, how- 
ever, htid to rtscend througli the Carahi-iau 
quart/ite before reticliing tiie liniestono, waereaa 
in tho Tintic district proper they passed from 
tlic main mon/onite mass du-cotly into tho 
limestone. Ow'uig to the nearly horl/.ouf.id 
position of the sedimoutary mcks in tlie I'^ast 
Tintic district, the sbiiJc foiined au effcrtivi? 
l)an-ior to the ore solutions thtit roso througli 
the quartzito, and owing to tho low degi'ce of 
permeabihty of both these roclca the solutions 
spread along the quart/ito-shale <;ontact, form- 
ino- for the most piirt ttiin layers of low-gi-ude 
ore, with local small bunches of Idgh-grade ore. 
Oiilv where the rock was sufficiently shntt<Tcd 
at the mtorsection of northerly hssures with 
easterly fauUd or crews breidcs was ore deposited 
in large shoots along or near the contact. 

Wiiere fissuring was suilieicntly strong to 
afford passage upward through tlie shale, the 
solutior^ reached tlie limestone; hut the lime- 
stones above the shale are not so lavornblo for 
ore deposition fts tbc limestones that contaiit 
tho mtthi ore zones in the Tintic district. Ore 
in commercial quiintity, however, as shown by 
the Etist Tmtic Development vohi, and perhaps 
also by the oro in the new Tuitic Standnrd 
shaft, was deposited along pronounced fissures, 
ospeciuUy at their intei-sections with cross 
breaks and local replaceable heds, and dotaUed 
work with :> view to loi;ating tho principal fis- 
sure zones and the purest limestone beds may 
result iu the discovery of additiointl ore bodies. 

The solutions on pnssuig through the shale 
were not only depleted of part of their metal 
cootent but were eooleii and diluted with waters 
already in the limoitync, factoi-s whirh lessened 
their power to form extensive replacement 
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deposit*. Such solutions may travel consider- 
aliic distances without finding a favorable 
placo to deposit oro and may therefore give 
rLso to small scattorcd shoots remote from tlic 
source of miixeralixation ijistcud of oontinuoud 
ore bodies. Such scattered deposits are chnr- 
acterixtic.of other parts of Utah where similar 
conditions existed and may be expected i:i the 
limestones of tho East Tintic district for some 
miles northward from the present productive 
mines. Ore characteristic of buch solutioius 
is comparatively low in silver, and its deposi- 
tion is accompanied by relatively little t*ilicifi- 
cfttioii. 

The fintling of new oro bodies obviously de- 
pends in largo part on a delaiJed study of tho 
district to locate (ho principal mineralized 
northerly fis^nires and crosf^ breaks, the quartz- 
ite-shalo contact, and the more roplacenble 
limestone beds. It should be borno in mind, 
however, that miiierulizcd ii^ui-cs in outcrops 
of limestone^ and cspcciiUly in tho rliyolito area, 
may be a long way from deposits of commercial 
sizo and not directly connected with such 
deposits. Reference to the geologic map (PI, I, 
in jjocket) shows that the scdimontaiy rocks 
lii-e dislocated by easterly and northerly faidts 
of considerable size and older than (ho rhyo- 
lito. There aro strong chances, therefore, of 
miscaJculating the depth of tho quartiiite-shnlo 
contact. 

WTion the distribution of known oro zones in 
tho Tintic and East Tintic districts and their 
i-eliitiona to raonzonito intrusions are coasid- 
oi'cd, it is rea^ionabie to expect that at lea^t 
one more zouo may exist between tho East 
Tintic Dovelopmont vein and the Iron Blos- 
som /.one, but reaiilts of proapoctijig at shal- 
low deptlis in this area have thus far been 
negative. Tho cjciatonco of ore zones beneath 
tiio I'hyolite cast of tho Tintic Standard zone 
is also a possibility: but no ovideneo of min- 
ornli/ation of tho rhyolito suliiciont to servo tw 
u guide in prospecting has been noted. 

MINES IK THE IGNEOUS ROCKS. 
SWANSEA MINES. 

n\o Swansea mines, owned by tho Swansea 
CoiLsohdatcd Mining Co,, nw jiist north of Silver 
City, in tho soutlieni part of the quartz por- 
l)h.>Ty area. Tlio former Swduaea and South 
Swansea, witti the Four Aces and some smaller 
pi-oportieg, aro now consohdnted and worked 



j-j^-ough the Soutli Swansea shaft. Tlio orig- 
inal Swansea mine, according to the earlier 
reporW was productive from tlio earliest tunes 
up to 1 S06 in a more or leas satisfActx>i-y maimer 
iUid siuce 1S06 has yielded a large o-moimt of 
,ir<TcntLferous galena. Tlie earliest work was 
doiio i'l the oxidized zoue, which was lieh in 
silver ond lead carbonate to a depth of 250 feet. 
Ilic mining was earned on, for the most part, iii 
the tminels and winzes north of the shaft. At. a 
depth of 2.50 feet barren pyrite was met, and 
practically all work ceased. In tho spring of 
1S9*>, however, at a depth of 350 feet, argentif- 
erous galena and lead carbonate were found 
which, to judge from the mine map, lead to the 
largeatshoot (see. fig. 45) in the entire worldnga 
of the consoUdatcd mines. Tho history of the 
origiiiiil South Swansea mine follows closely 
that of the Swausea. There was an early 
pei'iod when ores of considerable value were 
taken from the oxidized zone, then a period of 
idleness covering many yoars, and finally tho 
striking of rich ores below the borrea pyiito 
soon after they were found in the Swansea. 

The undergi'ound workings (fig. 46) consist of a 
shaft 940 feet deep, with north aiid south drifts 
at various levels, but the only accessible work- 
ings during the writer's visit were on the 700- 
foot level, which was behig operated under the 
leasing system. A station was then being cut 
on the 940-foot level, and drifting on that level 
has since been carried on. DaUv from other 
workings ai-o taken from the earlier report.- 
Watcr was struck at a depth of 650 feet and in 
1911 was raised by a sfeani pump installed on 
the 700-foot level. 

The wall rock is Swansea rhyoUte down ap- 
proximately to a depth of 900 feel, holo^v which 
tho shaft is in monzonite. Tho contact dips 
steeply westward. 

The vein has beeu worked tlirough a hori- 
zontal distance of 2,000 feet, from tho Foui" 
Aces shaft nortl\ward almost to tho summit of 
tl»o ridge. Its general trend in the old Swansea 
gi-oimd is K. lOMS*" W., but it bends in places 
to duo nortii. Ita dip as a rule is 70° W. to 90° 
"Ot hi places swings steeply eastward. 3n the 
South Swansea gi'ound it follows for tho most 
part a northerly fissiu-e dipping 85° W. to 90°. 
^h\s fissure near its north end curves sUghtly 
eastward and joins a N. 55° W. fissure dipping 

' Tower, O. W„ Jf,, and fimitb, C. O., op. clt., p. 757. 
• Itlk-ai, pp.7ST-rA 
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'0** or less to the northeast, along wliidi ihc 
reiii extends and connecta with the Swansea 
isanre, Tho two maiti portions of tha vem 
)verhip only slightly rtnd die out within a short 
listance heyond the cross fissure, Icavuig a bur- 
en. clay seam. 

Two short spur veins hnve beer, found in 
ihe old Swiinsea ground. One is a vertical 
"^ein on tho 300-foot level 2.5 feet west of 
he main veuij which here dips ciist but which 
tefore reaching the level above bends nnd fol- 
ows the spur vein fi.ssure. The other is on the 
00-foot level, east of and parallel to the raiiin 



places sharp and in o there poorly defined, the 
vein matter grading into the country rock- 
The vein niattor consist3 of quartz, pyrite, 
galena, a httlo zinc blende, and avoryhttle 
arsenopyritc, besides the oxidation products, 
which arc mostly limited to the 600-foot and 
liigher levels. The vein minerals where seen 
on the 700-foot level, and elsewhere, as de- 
scribed in the earlier report,- are arranged 
i)i bancs. Some bands consist of quartz and 
pyrite, mtissive or in well-formed crystals 
around sraull vugs; othera ore narrow bands or 
lenses of almost solid pyrite. Tho well-formed 




A\3-fo-fcor uv£t. 



IJSO-FOOT LEVEL 
TlGunE |S.-I>aioladinfll sce:iou ol SAvansoa vein, Dy M. L. CrandaH, Jr. 



ein. A tliii-d spur vein, much lai^er than the 
ther two, has been foUowed by the Four Aces 
iclined aluift. It leaves the main vein at tho 
outh vSwansen 600-foot level wid extends up- 
'ard to the east at a 60° dip, the main vein 
loping upward to the west at an 80° dip. Tlie 
lain vein below the junction dipa 80°-S5° "W. 
3 tliG lowest workings. Recent fractui-es 
rending N. 55" W. and N. 70° W. seen during 
3Q ea.?Uer survey' have faiUtcd tho vein 
igbtly on the 400 and 450 foot levels. 
The vein thus follows ai zone of Huked and 
r^iching fissures. Its average width is about 
feet, but it varies greatJy, from a mere streak 
) as much a:5 10 feet Its waJla are in some 

I Idem, p- Tli'- 



pyrite crystals are lUl pyritohedrons. Little 
or no galena is present in these strongly pyritic 
bands. Galena is concentrated into relatively 
fow lenticulfti" bands, some mingled with con- 
sidenible pyrite and others nearly pure. 
Quartz ns a nde is not conspicuous in the ga- 
lena bands. These bands, especially whci-e 
marked by vows of centrnl vugs, appear to lie 
along original friK-tnres separated by vertical 
sheets of quaitx porphyry now partly or com- 
pletely replaced by quartz nnd pyrite, but the 
broader bands havo botli filled open fractures 
and replaced mtervciiing slabs of wall rock. 
The bonds seen on the 700-foot level were 
mostly only 1 i"ch to 3 or 4 inches wide, but at 

ilc'cia.p, 75S, 



S56 



GEOLOGY AND OBE DEPOSITS OP 



the north end a body of ore (pyrito and galc-na) 
2 feet thick and 20 foot long (vertical extent 
not known) was beii\g nuiii-d. A aoction made 
across the vein on the 500-f(JHt \r.vA of the old 
Swunsoamine during the earlier sui-vey Hhi>\vod 
ISinchesof pyritflandj];jdcnti,lSin(.:Iiosof i^ftlcna 

iind quartz, 30 inches of pyrite itnd (jniiri/., &l 
inches of palnna, 3 inches of pyritc, and 3 inches 
of sah^na. Theordy othfn'niincvalrt Heen in the. 
ore fn.m the TOO-foot lev-'l were a few very 
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t-sH'inled almost continuously along ihe sur- 
fjjfC for 600 foci or moro tmd reached a maxi- 
j£ium depth of 130 lect. The other shoot has 
V,een ^to^icd continuously from a point ■nnthin 
40 feet of Uie surface to a maximnni depth of 
j(}0 feet and tlirouj^h ii nuiximum hoiizoatal 
(lieitaiice of 900 fpet bctwoon pohits 100 iVet 
north of the prtwt-nit South Swansea shaft and 
500 fe^^t north of the old Swansea shaft. The 
crcncrsd shape of tlic stope iy that of a T, ivith 
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snudl ory'iitals of arsenopyfito (?) niul iiTCgnlar 
ginins of chaia)p3'ritc. A little sphalerite wiw 
found during the earher surrey. No barito has 
over been reported. Coatings of blue melau- 
torite crystals aro now fumiing along the drift 
walls. 

The whole vein, ueoorduig to the mine maps 
furnished by the company', consiiited of two 
miun shoots with several small ones. (3eo 
figs. 4.5 and 46.) The northern of the two 
main shoots on the npper slope of the ridge 



the stem pitching So" N. The an^aller slopes 
h-: part lie just to tho north but mostly to the 
south of the second laige stope. The northern 
sh^pe and the upper portions of the southern 
Slope yielded lend carbonate ore carrying con- 
*^iderable silver. Tho soulheni atopo below 
the 3o0-foot level yiehled mixed carbonate and 
'Sulphide ore, the carbonate diminishing dowu- 
^'ard and disappearing at gi-ound-water level. 
The ores were originally sorted into three 
f'-Iasses — galena nnd pyrito, pyrito, and carbon- 
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ate; the last is now exhaiLstod. Tjio ,u:iiloiia 
and pyritc ore, as stuled in tiie cui-Iicr report, 
averaged 50 ouiioos of sUver to Uio ton, 20 
per cent, of lead, oO pci- cent of hxm, nnd lo 
per cent of sdioa; the pyiitc ore, 25 ouiioos of 
siJT(.ir, 7 per cent of Iciul, 3S per ceni of iron, 
aiid 13 per cemt of s-.licu; and theciirbonatc on', 
90 ouiu'os of silver, 40 per cent of lead, 20 per 
coat of ii-on, and 12 pi^r eeiU of yiiie.n. Snu-Kcr 
rctuntd furuisliotl by thu eompitny tluring the 
recent survey give the following figures: 



A shaft on the Iron Duke is .'-170 foot deep, with 
water lovel nt 100 feet uiid it heitvy flow of 
water, niuouiUiJig tu 1,000 gulloas a d:iy, on 
the ^oO-foot level, llio Yankee Girl is untler- 
stood to hiive ylekl<'(l a eonside-rahle aniountof 
o.viilized ori^. 

FurtinT cast ni-c the Cleveland, MuiTuy Hill, 
Kft)>|jit*s Foot, and Primrose e.Iaini.s. Tiie 
Priiui-ose has a shaft 2;)0 feet deep. 

About a inilo cast of 6UverCity iire the Sim- 
beam, Uiiduie, Lucky Boy, Joe Daly, and Tii- 



Siil'Uir relurus on or<- f.'om Sfi-nasio iiivicx. 
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The practical absence, of gold i:i the presence 
of so much pyrite is noteworthy. The silvur 
varies in qui-ntity with the leail as a rule, but 
some pyiite bodies are said to carry enough sil- 
ver to make ore. Of this class is evidently the 
ore niined on tho 910-foot level since the writ- 
er's visitj which is reporter! (an wver.-'.go for fiO 
days' production) to run 0.03 ounce of gold iiud 
12.2 oiuic^^s of silver to the ton, 37 per cent of 
iron, juid 12 pc.r cent of insoluble ni:ttt4ir. The 
nogligibie amount of copper is atritiug, \n con- 
ti-»is;t to its rtbundiiJico in other inLnos. The 
spciss evidently represents the anieiiic from 
arsenopyrite, as no ennrgite has been re^^orded, 
and its absence is confirmed by the ahuost total 
absoneo ol copper. Tha zinc, ui sphalcritt', is 
irreguhirly distributed, but eveJi its maxinium 
quiuitity is negligible commercially. Calctto 
and dolonute are practicnlly absent in the 

gpnguo. 

OTHER PROPEItTIES. 

In l-ite earlier report mention ia made of a 
number of properties whi^^h now are mostly idle 
and the warlcjngs of which are largely caved. 
•The, followijig notes or© taken lai-gcly from that 

report. . J, 

South nnd east of the Swansea are the I' mu 
Aces, Park, Silver Bow, Monterey, Iron Duktv, 
and Yankee Girl propertiea. TJie vems are dis- 
thict, but so far Utile ore haa been extn.ct^^d. 



uniph claims, and a quarter of a milo southwest 
Ol liieso lies tiu> vShoobrhlgo Bonaji/ia, Several 
of this group have yielded ore cluruiglatByeiu-s, 
The Suiibeani is tlin oldest juino in the dis- 
trict and has been opened to a deplhof 'iOOfc<tl. 
A strong veiji has been followed for -1,000 feet., 
the strike being i\. 25° E. and the dip steeji or 
vertical. Just below tiie Sunbeam shaft tUe 
vein sends olT a strong branch to the south. 
The greatest width is 10 feot. The Sunbeam 
vein has been productive throughout it^ length, 
but no ores of high gnic'o have Iioon found beJow 
(he water level, ft is reported that the Smi- 
bcam niuie alone, rcpresentujg only about one- 
sixth of the length of tlui vein, lias yielded over 
■S.300,000 in oxidi:«ed ore. Such a vein would 
seoni to have possibilities in depth, but a very 
jumvy flow of water, encountered at 400 feot 
stopped opt^i'ations. 

The Undine vein has been developed to a 
depth of S50 feet and is tnic^'able on the suj-faco 
for nearly 2,000 fe*t. The vein sti'ik(!S jiorth- 
enst nnd diijs 50°-S0° NVV. 

The Martha Washi/igtoii, King Jiinu^s, and 
Bmoklyn are situatoil iiorth-iiortheust of the 
Sunbeiim, fustsoutiiof the c^mtact. From the 
Brooklyn claim maudj' limonito had been 
shipped, occurring on th«Contflct(p. 25S>. The 
Martha WushijJgten and a number of p;u-aUeI 
veiJis are traceable almost up to tJio contact. 




i 
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bufciionoof thcin huvc btMin followed ncnis-s it. 
Tho Martha Wnv>limgton vein iy trac<!iih]o'\vitli 
i/U(iriijptioJis f<*r :i,000 foot suuth-souUiwcMt tu 
tlioTriuiiiph. TlioMnrtha W.ishingtoii shnfl is 
350 feet dopp, iiiid tJio orHj to ]iidj:;o frum tin." 
dump, (_n)nt!iius ;iiiicli Innssi^'^> pyrilti und soiiio 
omtr<i;ito. 

NiMir Kuliy Hollow, jji tlio simthoist <'4H-m'r 
of tho iii'cu .shown on Plato JV (in pockot), are 
aovunil proisp4!cty on voiiis iji tlio v.iiiti! ulU'rcd 
monzojiitc porphyry. Thy N<'.w StuU prop- 
erty luis four voiiis, luuui of thorn over 2 feet m 
widtli, which strike iiorthoast uiid dip CU)'^ ^S'. 
Tho ore ia yiliccous und coiituhw U'tnihodritx; 
timl chji.lcopyrit(!, 

Jii tho Diamond iljstriot, youth of (-{w. area 
.shown on Plato IV and alnnit 2! uiilca south- 
oast of Silvor City ihorc arc a tMHisidt^ablc juuii- 
bof of prospoctH, hut fow of thorn are worked at 
proMoiit. Tho veins oontuLii p_vi"i(A\ enurgito, 
and yonii^ gnlona bi a siliriiiKis gaiiguc; thny 
tni]i(l north or north-jiorthoaat. At tho TreiiM- 
uro Mill muio, which is said In have pi-odiicnd 
hii'so amoiuUs of oni in the, past, tho snlphido 
zone waa fomid 2.50 fiM^t below ttu^ oolkirof llio 
fihafl. Below tius not nnich progre-sg was made 
i>ii acrouut of heavy wat<n-. Tlio Homegtakrt 
muiohas likewise prodiicod much on? dming tho 
early history of tho dislriot. Its ores carry 
both *;old and silver, with ojui-rgito mul galena. 
Tim oxidation extoiids to a depth of about 200 
feet.. 

The. Treasure ITill muie has a shaft 22r) feet 
deep. Tlio vein lias t.he unuaual strike of N. 
liC W., dips nortjiofist., and is 2 to 4 feet wide. 

Tho Old Susan mine, owTied by ihe Old 
8us;iu Milling Co., is oa a low wi?stwai'd-:eIoping 
spur about 2 miles south-southwost of Diamond 
and 1 niilo S. .'>3° "\V. fi'om tho western summit 
of Sunrise Peak. Tho tniiic lias been worked 
inU'Tiuittently for severnl years, imd from 100!) 
to 1011 was ()i>erated under n lease. The ore 
shipjied has lontained lead and silver iind occa- 
sionally some gold. The work has evidently 
been carried oii wholly by Jniud. The uiider- 
i;r<iund wi>rl<in;?s iuclude, besides an old open 
cut, n siiaft, a (.iiiuu-l (reudiug S, -10° E. and 
cutting the veui at ii depth of .M7 feet, two 
crosscuts, ami stope*j ui the vcm above the 
tuumil level. No w^ater bus been met,. TJie 
ore inirietl, wliir-h al ]iresent is smidy leatl car- 
boualo, is sent down to the tuum'l level throii|^h 
a chute. Iramiuod to llie siirfuce, screened, nnd 



haulud by "v\'a*;on to tlio niilroad at Silver Cityj 
I miles a^\'ay. The .shipping ore has rim 8 to 
17 ounces of silver to (he ton and 25 to 40 pt't 
ccnl of lead. 

The country rook is the monzomt.c porphyrji 
wliich is intrusive i:i(o the tufV and agglomenit'^- 
of tho Volcano Kid«:e mass. Tlie iiitrusi\e con- 
tacts exposed in tJie tunnel arc vertical. The 
vein, so far as mined, hea ^^'hoUy in the moii- 
zonito ])orphyrv. 

The vein crops out along the top of the spiu', 
with a N. 52'' E. Bt.rike unci vertical to very 
ytecp northwest dip. It has been stoped coiii- 
thiuously iVoni close to the surface down to "■ 
deptli of 100 fcot or more and in its wiclest 
part is from 15 to 30 fool wide. Tho walls in 
the few places that could be examined clowi'ly 
Wc^re alrippc.d cloau of ore, and tho only im- 
oxidizcd matci-ials found were a few fragments 
of gulona-pynte-qumt?, ore of the Swansea 
f.ype. "^Hio relatiou of tho vcm lo wall roi-k, 
whcthor sharply dciined or gi-adual, could not 
be studied. The oj-e thus far nimiHi, to judge 
from tjie ore pile, is thoroughly oxidized to 
sandy load c^irbtmalo and Jimonite. Liunps of 
low-grade or barreji quartz arc removed by 
sereeiiing. The vein matter exposed in the 
tumicl consists of kaoluiized porphyry and 
quartz, both sprinldod with pyrite and bot.h 
brocciated. No golouu was seen, on the tuimcl 
level. 

IRON-QBE DEPOSITS ALONG THE CONTACT. 
DBAGOK mON MINE. 

Along the conta<^t of hmestone and mon- 
/.oiiite south and southeast of Mammoth there 
is a great doal of surface oxidation, and the 
limestone contains trregulnr bodies of lbnoiut.t;, 
kaolin, and jasperoid. Some such small de- 
posits arc foiuid near lJ\o Black Jack shaft, but 
the liu-gest ma.ss is on the property of the 
.Dragon, Coiisobdated Muiing Co., usually 
termed the Dragon iron muio. 

The mine, whicli is described in part in con- 
iieetioQ with tho Iron Blos.som ore channel 
(p. 245), hcs along the railroad track 2\ milos 
past^tfoutl;cast of Mammoth, at an altitude of 
6,S00 feet. At the sui-faco the mine is an open 
pit about 200 by 75 feet. Tower and Smith 
state that it was being worked in 1,897 as ^n 
open cut 200 feet tleep, the ore being loaded on 
teams and hauled out of tJie open eut to the 
surface, through large tunjiols. In 1911 the 
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pit was really deeper, in i>[irt, i'or on thu 300- 
foot level of tho shaft ii drift opeiis u> ilaylight 
into the pit. A vertical sluiffc lui.s birii sunk 
sinre lSf>7 to a depth of 1.005 fcut i'or tlic 
deveJopniPnt, orboth iron-ore mul vein deposits 
of the property. 

The countr}^ rocks arc nil ered Intite und mon- 
aonile porphyries and medimorphie limestone, 
including the Ajax and Opohonga. The iimc- 
slone suriuco pitches steeply bouthward be- 
neath the bleached, altei-otl porfiKny. No cer- 
tainly intrusive contact at or uoar the surface 



19 knownefist of the:iorth\var(l-trendiny;mon20- tho company state that the ore body is not 



nitc fontact that liey 750 feet west of the shaft. 
The eastward-trending contact of limeytone- 
tnd monzonite, whieh is here diHicull. to trace, 
api>eiii-s to extend directly across tho pit. It 
dips Houtinvard and goey beloM' the SOO-foot 
level, though t lie shaft passes into the limestone, 
which continues downward. A vertical drill 
hole that extends 906 feet from the bottom of 
the shaft is almost wholly in hnicstono, passing 
into monzonit^. 6 feet from its bottom. An- 
other vnr^-ical drill hole 726 leet. deep in tlu- 
gulch east of the Brooklyn shaft passes through 
the porphyry into lim.estone that is cut by three 



both bochcs is u eompacl Umonite (perhaps 
witl) soniu hematite) with 55 lo .57 per cent 
iron and -I. .3 per cent silica. 

Much of the oro contains a trace of gold; tlie 
>ilvor content i? irrcjciihii-, a, most 2 ounces lo 
ihe ton. Copper slaiiis are rarely oh^nn-d. 
PhrtiTuacosiderile, an m-senato of iron, may be 
snen in plncc>^, but the quantity is liisiguifieaut. 

The ore hollies are surronnded by white 
masst's of kaolin, which gradually bccoiues 
ferruginous luid siheilicd and Mr.ally passt\s 
into Jiinonite and jasporoid. Tho surveyors of 



magnetic, and the surrounding limestone cer- 
tainly contauis no raugnetite otiier tium a few 
microscopic grains. 

Towei- mid Smith obsei^ed that the ore 
bodies in the pit stand nearly vortical and fol- 
low both northeriy and easterly fissiuvs, but 
from present expo.sures their attitude seemed 
diilicnlt to a.scertain with certainty. Theaamo 
autlioi's stato that in the pit wore also found 
isolated mtisses of copper-lead ore rich iu 
silver, with a quartz a.iid barite gangue. Tliis 
stntement confirms tho observation that tlie 
Dragon vein crosses the open pit, and as thi'se 



apophyses of monzonitc porphyi-j'. A horizon- ore musses "are almost invariably found in the 

tal di-Ul hole on the 600-foot level has proved 

altered limestone to extend at least as far as a 

point 540 feet east and 225 feet south from the 

shaft. Anottier hole on the 600-foot level has 

proved it to extend at least aa far as a point 

500 feet east and 500 feet south from tho shaft. 

East and south drifts on tho SOO and 1,000 foot 

levels pass out of the altered limestone into nion- 

zonite identical with that of the main stock. 



phme of pi-ojection of this vein" a justified 
conclusion is that thoy are simply parts of this 
vei n wh ich have later b een su rrou uded by 
limonile. 

"The hmonite fof tho pit] is either in cavern- 
ous masses^ having hori>;ontaily banded bot- 
rvoidaJ structure or in dustlikc particles 
through tho jasperoid."' 

An analysis of the iron ore by Geoi-ge Ste^iger - 



Tho great body of i]-oii oro occurs in shoots | runs as follows: 
which aro of iiregular shape but whose lai-gcst 
diaionsions run approximately east or north. 
They stand neui'Iy vertical and aro comiilctely 
sun-ounded by a mass of hard kaolin (looaJly 
called 'Hivlc") which Diuy contiiin eousidcr- 
iible free .silica. The boundaries of the shools 
marked bv minute branching cracks 



aro 



stained with brown iron oxide, which pene- 
trate for a short distance into kaohn, and by 
species or snmU spots of the oxide, which im- 
pregnate tho kflohu. 

The ore bo.ly of (he pit is said to end just 
below the 306-foot level. On the 400-foot 
level was encountered another body of iron ore 
which appeal^ to be n flat ma., ending u shor 
distance below that level. The u'ou ore of 



AnaFi/sia n/orc/r/niL Uragon iron vtitu . 



TiO:, , , Nuno. 

H^O 100- 1.71 

ir,Oioo-F 12. :)o 

HO3 -17 

S .10 

I'A 7S 



100. 3-J 



SiO, - 3 -'-5 

.VI/3 r6 

rv.o, .'W.02 

FgO 21 

CiO 't2 

"^■O 30 

CuO Konc. 

rtaO ^'*^"iP- 

MnO '''rnee. I 

Under the assumption that the impurities 
exist as free silica, silicates, phospluites, anci 
sulphates, recalcidafion indicates an iron 
hydroxide composed of 8G.6 per cent Fr^Os ""d 

I Tower, G.W., Jr., niJ<l Smith, G. O., op. dl., li, n>ft, 
' Idem, |<. 'i'^- 
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13 por cent. ILO. Vuva limonite contains 85.5 
per corit L''c-;0^ and I L5 por cfiit JJ,0. Con- 
siilorin"' tluiL a small purl of tijn fcnic oxide is 
almiLst certainly conihuiod with silica and sul- 
pluii-ic iirid, lliero in siinill prabubility of Llio 
pro-*cn<:i; of honmUrr, imjjilL-, or goelhite in the 
inalorial rdprc.siMiU'd liy t!iis duulysis. 

The X. 72^ fci. di'ifl on iho 175'fon(. \ovo\, 
shirlinj; just norlh of tho shafl., piiAst-s iliroTigli 
wlnto <«• nonrly whilo. knolin to o point about 
110 feet from ihn lari^t^ open <^ut. Jlcn! it 
paiWi'S tliroij;;!! a zone full of slrinijtM-s and 
pnlchcM of iron ore, wliieli {5ra<hiany gives way 
fco'ii- Itody of imn "i-c. witli i\ minor amount of 
hhicM nmngamNt'i ore liiid a iV-w lar^i^e inulTisinns 
4»f kaolin. Tho iron oio is continuous to tho 
Ixiltom of the opon out. Similar laryc inclu- 
sioijs of kaolin uri.'- oxpOHC2d in the north and 
notl.hcnst wiilJs of tlui open cut, and tht'ir ex- 
po.sod long iliinonsionH n.s ii rule nro vcrtirfil. 
Tho north crasscut from tho N. 72° E. cL-ift 
pai^scs through kaolin for modt of the distance 
but also cut'* a lav<:;o lilock of impure cryataJ- 
line dolomite that closely rewomhles thu nicta- 
niorphic portion of tho Opohonga limestono. 
ft is bounded on tho north by knolin strongly 
impi'egnnted Wilh Idack nianganc-sc oxide 
(wiul), and on the south, ftlong a joint, ploim, 
by a niixturiv of knolin arid the iron i:nd mnnga- 
nesc oxides. Tlic iron and niangimeso. show n 
tendency to coiK-ontViito between the dolomite 
ujkI kaolin. The dolomite block is breeoiated 
in places, and eraidvS near its edges in the roof 
of tho drift, are stronktsd with ;;.ho iron and 
mnnganese oxiilc-s. 

Kaolin i^eanis in iron ore on the 1 00-foot 
level are saiii to be parallel to tiie bedding. A 
siuidai' sfnieturt^ is expo.^i'd on the surface in a 
railroad cut just northeast of the open cut- 
that is, near tlio cdj^o of the iron-bearing 
gnanid — where certain bei.la of orystaUine dolo- 
]iiite or hntestnne are partly replaced by brown 
iron ore. On the t)(Kl-fo(»t level a horizontal 
drill liolo lui'i iiroved iron ovo and kaolin in 
more or less jdtered limeslonc (or dolomite to 
extend southward for at least 125 feet from a 
])oinfc ri40 feel east of the shaft. Another drill 
holo on the. same level lias passed through seams 
of iron-stained kaolin from a point ^oO feel 
south and 230 fei^t east to a point 5(10 feet 
south ami 51)0 feet cast I'roui tho shaft. The 
rock containing tlie kaolin is altered limestone 
which in phiee:^ carries niueli pyrite. These 



(Irdl refi'ords appear to mark the lower oS-' 
treniity of the ore body, which seems as a A^'hol^ 
U) follow the limestone eontaot beneath tlu' 
por])hyiy. 

Oti tho 800 and 1,000 foot levels the limt- 
wtoiie is tor tlie most part coarselj' crystallized 
without nietamori)hic sihcates or spinel. Th'^ 
(li)}.s are Itnv to the «ast, us shown on the niapSj 
nnd as a whole are uniform. The original 
characters by which limestones were disfin- 
gui-.hed on tho surface are all ohliternted b.V 
nictamorphistn. According to u calculation of 
thieknesw the limeslonea of these two levels 
shpukl botli he in tho Colo Canyon dolomite, 
although certain specimens collect od on tbeso 
levels have a relatively high calcium contact. 

The contacts botween limestone and igneous 
rook on these Icvcla are all intrusive, nnd the 
igneous vovk in nion/.onite of the type in tho 
main stockj none of the possibly effusive types 
hI'.owu on tho surface to the south and east of 
ti'.c Dragon shaft hoing represented. The con- 
tacts to the west end oi the SOft-foot level, in- 
cluding tho south crosscut from the west end, 
are sharp and nearly vertical. The monzonitc 
i.s somcwhut impregnated with pyrite and con- 
tuijis Considerable serioite accompanied by eal- 
cito and silica in microscopic grains. The con- 
tact in the soiU Ii drift of the SOO-foot level is a 
complex of monzonito apophyses and meta- 
luorphic limest.one inclusions for a distance of 
over 100 feet.. Monzonite was struck on the 
i , 000-foot level soullioiist of the shaft, as shown 
on tho maps, one or two days after the visit in 
1914. The contiact is sharp and showed little 
evidence of kaolin and limonite. The monzo- 
jiite contains some disseminated pyrite. 

^Vn interesting feature is the discoveiy of 
smaller masses of kaolin and limonite in west 
<h-ift3 on the SOO-foot and 1,025-foot Jovcis in 
the ^■ici^ity of the Brooklyn shaft, where 
bodies of the .some minerals also a]>pcar on the 
.surfiice. These bodies arc still above the water 
level. This material is of the same character 
as tl\e general run in tho Uragon iron mine. ' Jt 
replaces the marbleized limestone, and the 
smaller expo.*iures lio along distinct fraclurc 
lines. 

The Huntington tunnel, a short distance 
east of the Jamea tunnel, extends for 45 feet 
thraugh altered monzonite porphvi-y and then 
pasawi Hcros-s a nearly vertical contact into 
white kaoliji, which for a few inches from t-Ue 



i 
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wntaot is spocUed wilh brovn iron oNkl*^ A 
ipecimen of tlio kuoliii from the. com ur.l gave, 
)D drying, « sm;iU t^llloroscfnoc of holiiitli- white 



iiia-is, wliich K"i'<l"»% fhftiigrs into fho ort\ 
On l;io surt'iu'o, nt (ho toi> oi tlie ii-tm-ijre 
o-itcrup, is a hrt'cciaconiposttlof siJicifiotI Unio- 



saJt with the tasto of ahini. Tliokjioliii eon- Mono fnii^iin'uts id im iron-sl.TUK-d niutrix. 



ijiuos to tliO end of llif tiinnol, ;tl one phytic 
^utliug ii(Tf.»jT3 the: hotloDi of n Ihiioriilc hoHy 
fig. 47)f wliich jiiiK-hcs liownwar'tJ nhoii^ liali- 
vfly from llio roof to tho tloor of (ho Uuim'l. 
jregular fnicturo^;, hnmt-.iiiiig nnd i-risstTo^.-*- 
ng ill «U dircoliona uroimd tlic Uiuonile, mv. 




ntrcB 47. — StrIC[((>rsntUmoiiiti*rcplaeIrKb3oUB, nitullcstoti imuipl. 



At one t>f liio sniaLi piwpccl.^. iihout 450 
foot up the. trhipc ciisf t)l' tlie opon cut. a brd of 
tlio silu'ifiod rock fonns a cap over ii body of 
yoUow' to red li)U'-fxrfl<lo soft ii'on ore. Tlus 
ore, u niixdin^ of iron oxido and white IcuoJiu, 
is ri'piiicijig iuofaniorphif! linicstono iumI 1ms 
in pliiccs proscrvctj (]io yducf iirc of (he origijuiJ 
roi'k. The nictuiiiorpliic liiiu'.stono bi low tho 
ti<-po:^i!. mid soiiMiVv'iird to (lie uioiiyj('iiut<! luju- 
tiU'.t i^ tlic bixiwu-wcathcring i>yro.vcnc-r;T)iucl 
rock crisscrossod by vcinlcta of wliir<i calciro. 
A tiiiji soetion of this rock -shows it to consist 
of eiistiUitc, more or Joss coinplcfoly replaced 
by serpeutino and a little fulcilc, nnd green 
ppuiel, rcplju"<^d by hi"owii iiim o.xitlo imd 
kaolhi. A Utile gamel. miignelitc, nrtd ]>r()b- 
ably pyrUe are nis^) pre^out, more or less 
replaced by broT\^l iron oxido. Tho wcrJliei-cd 
siu'fjiec of the rock i-s well bprirUelcd with Jroti- 
oxide spe.<-ks, wliieli iiiust n^jn-csont for tlio 
most part si>iuel atid als(j the ^arnot, mag- 
netite, tmd pyritc. Thti total iron present, 
however, ies small and c^iuld scarcely account 
for even Mio siaall iJlack Jack deposit, not to 
i\iontioii the great. Dnigoa deposit, without a 



OTHER OCCITBBEKCES OF IRON OltE IN THE 
TINTIC DISTRICT. 



.aincd with the ii'on and nianganesc oxides 

hich spread from the frnelures into the kao- 

ft. A few rcmnniits of um'eplaccd kaoUn 

ill remain surroundecl by ij-or\ ore, duph- ( vast amount of coneentrotion. 

iling on a Miiidl scale the inclosed kaohn 

.asses in the laigo open cut. 

BI*A.CK JACK IRON MIME. ^ , ■ i - -^ .• ,. 

^.u^^^ -n.s..«. *« Other u-on and inaiiyaneso neposits ot the 

The Black Jack iron mine, owned by the Dia;Lj(ai type have bce.ji worked at the Ti-ou 
lack Jack Consolidated Minmg Co., lies in | King miut\ and small deposits have been found 
e-tamorphic limestone about 5O0 feet due in tho lOast Tiatic Developmeut Co.'a min<\ 
)rth of Diamond Fass, ahmg the north end of I in the Thil-io Staml.-ird mine, and on a cbiini of 
I altered northerly dike ex(,euding fmm the I the Chief ConsoHdated Mining Co. near Ho- 
ODzouito nia.sa. The ore is of the same cliai'- mansvijlo. 

ter aa that of the Dragon iron mine and is Tlio Iroii King mine i.H ovcj- half a mile east 
ined mostly by open cut. A tumiel fi-om : »f the Colorado mine. The immediate wall mek 
6 road west of the dike, 100 feet below the isthoBhiobelldolomite, whichslopessouthward 
■en cut also pcnclrutCfl iron ore; bat the beneath tho l)leuche<l sUicitied early vily^lit.^ 




ial deposit and not tho gossan at a siliceous 
in deposit. Tao open cnt lies ftlong tJie 
it wnU of the dike. TJie dike Ls altei-od 
.ng tho M-aU of tiie open cur to a kaohuized 



Thooeourrcnco in the Tinlie Slandard work- 
ings is along the northwest drift on tlie <I(M)- 
fnot level. The inclosing rock is dark-bhiisli 
linuslone. Tlio iroji-nianganese-kiiolin de- 



262 



UKOLOOY AND OHK DKPOSITS OF I'lN'riC iMlMMI UI«TltlCT, VTMX. 



posit, (if (ho Dragon t.y])t', lirw uliuij; u uurtb,- 
\ve.st('rly bronk. Hero, Jis ut t]io Iron Klnf^ 
niiiio, tho Jimi'riluno was once ovfrlulii l)y tho 
Packiinl r)iyiiUto, bill in this locality fUo iicur- 
esl rliyfflitc (^uttrops hHow nu w-idosprcud 
bUmi.^hiiig. The, (inly suifnct' incIiciUiniiK of 
mirniniJizulinn iii Un- vicinity of tko piviporty 
arc rt fow ouU^rops of nilicificd limcalimt'. 

Tim East Tinlir iJcvi-lopnii-nt Co.'s worlo; 
havo c-xpoHod li siniilnr deposit, on the SJitI Jind 
500 foot levels. 

According !o tho onrlior i-oport. ' iron on! of 
iho siuiic kind occur^< in live Sitcramoxito work- 
ings, in lower Colo Cjmyoii, but no desonplion 
is given, anrl l.lio mine ia now idJo. The same 
repoj'l nlso moiiliom-d the iron ore of tho 
Emi'Vidd proporly iii this connt'ction. (See 
p. 20;j.) 

'Yhc Chief Consolid.iUid Mining Co. in H)16 
iind 1917 mnde a fow slupn:cnl^ aggregating 
8U7 long tons from a newly oporiod nmnganeso 
deposit nctir llomansville. Tho ore containod 
from 3S to 42 pof cent of mangaueso, 0.5 to 1.5 
per cent of ii'ojQ, and 7 to 12 per cent of silica. 

GEETESIS OF THE LIMONITE DEPOSITS. 

Tho question of the origin of the limonito' 
deposits di'scrihod abovo is at first glanoc 
puzzling, Sevcrnl iiypotheses nviglit be con- 
sidered. The deposi I s are assuredly not 
residual, caused by the weathering of liine- 
slimo, for the erosion has been ^agorou^ and iKft 
bare calcareous rock is everywhere e.^posed. 
They are not caused by tho weathering and 
oxidation in platx of large pyritic bodies 
coimectcd with the veins, for the veins appar- 
ently pass tlu'ough the iron deposits and are 
not difficult to recognize. The depiosits are 
not oxidized eontact-uietamorphic ores, for 
nlthuugli the Dragon iron, mine is oi\ or close 
to the contact there is no evidence in the 
adjoining limcslnno of anything more in tho 
way of contact inetamorphisra than a coai-seii- 
ing of the gram or tlio devcLjpment of onstjt- 
tite ihkI spinel, neitiier of wliich yields a note- 
worthy' amount of iron on weathering. The. 
contact, of nionzojiito and limestone has evi- 
denily something to do with the deposits, but 
a diflereiit exphinalion from ihoso mentioned 
above must bo ado()tcd. 

Tile acA-essiblo portions of the iron mines 
are almost wholly in rock so thorouglily de- 



com[K>sed or replaced by iron ore and kaolin 
that there is no opportunity to see the rela- 
tions of the ore to the surronnding rock. 
Deposition by n-scending watei-s was the We«' 
favored by Tower and Smith,- who suggested 
I bat iron le;n-lied from the bleached igneous 
rocks hod migrated dr»wnward and risen again 
in tliermiil springs tjiat reached the surface 
tdoiig the limestone contact and doposjlc-d 
the iron in the form of limouite. They 
further stated that the structure of Ibe ore, 
together with tlie fact that it was linionite, 
»how(;d tliat the deposit was made compnra- 
lively near the surface by thermal springs; 
but deeper workings made since their report 
was flTitten have penetrated beneath the ore 
and found bodies of it tA> pinch out dowiiward 
and to be undcrJain by altcicd limestone, 
imprcgniitcd in places by pyritc and cut by 
seams of iron-stained kaolin. They also 
suggested that tho iron ore wo.s possibly de- 
rived from the oxidation of pyritc, as indi- 
cated by the sulphur recorded in the analysis, 
but no evidence favoring l-he existence of so 
great ii <lcposit of pyrito haa been found. 

The limestone in the vicinity of tlic Dragon 
iind Blao.k Jack deposits is made crystalline 
by contact met amor phism, but that near the 
othf^rs is not. Only at the Black Jack deposit 
arc conttict-metamoTphio minerals present. 
In the lower levels of the Dragon nune some 
of the hmeslono, however, contains sparsely 
disseminated pyritc. 

The field relations show ^vith considerable 
certainty that the limestone is replaced by 
kaolin and limonite and that possibly in part 
kaolin is rephvced by limoaite. A thin section 
of an altered limealono near the iron ore on 
the 400-foot level of the Dragon iron mine 
shows clear evidence of the voplaeeracnt of 
ciiioitc by kaohn. 

The igneous rocks also vmy in emnposition 
and structure. That at the Black Jack is an 
altered monzonite porphyry dike; that at the 
surface of the Dragon is mostly altered latito 
or monzonite porpiiyry of probable effusive 
origin, which in the lower levels is replaced by 
intrusive uionzouit-c; that at the Iron King 
is altered earlier rliyohte partly covered by a 
little Packard rhyohte, botli effusive. At the 
other iniuoj- deposits the igneous i-ock ia 
effusive Packard rhyohte, not iiiglily altered. 

) Idem, pp. iw, CSO^ 72S. 



iROx-oitK nr.posiTS vlokit the contact. 
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In the discussion of M;p ignomis rot'It-s ([■>. 

G5} it Wft3 sliowTi (.hat ti\c eft'iiisivc kitiLri; 

erupted from the Suniiso Vvnk m^clc nud per- 
haps U'oni a vent over the present niouzonife 

stoek must originrtlly hiive stood at a miicli 

higher Ip-vel thiui now, completely eoveriui; 

the limestone areas, and that a possibh^ ir.a-\i- 

muni thickness of .3,000 feet had hern t-rndeil 

hoiw the volcanic centoi-s. Tlie pix'scnt mam 

area and small outUera of tlie Fiielviird rliyolitn 

show that it, too, once formed it t'ontinuout? 

cover, wliich, beeausc it Juis lain in u lower 

position than the latite and amieaite scvie.s, 

has sujferod relutively little erosion. The one 

original structural relation, tJiercfore, eDmnn.>n 

to all the iron deposits is that of u body of 

dolomite or Umestone, idtered or unaltered, 

overlain by volcanic roc.lts. 

During the period of vein formation tJic 

ore-forming solutions ascended througli lln- 

hmestoue mfo the volcanic rock along certain 

main fissui-e zones, spread olong inir.or frac- 
tures, and impregnated the rock for a great 

distflnco from the fissures, altering it to a 

quartz-scricito-pjTite aggregate. This impreg- 
nation of the overlying voleanie rocks is pliown 
reo-sonnblj' well just soiith of the i)i-agon open 
c\it, in the bleached outcrops which have been 
proved by mining and drilling to overlie the 
limestone and occupy a considerable area. 

The bleached character of the volennic rocks | MgO — 1. 12 

is also continuous over tin area cxtendmg for 
half a mile northeastward from the Iron Blos- 
son\ niUie to the In.>n King, where theso clearly 
effusive rocks overhe hmestone, 

Iji all the places cited the altered vulconie. 



Pnta^ili, on the other hand, hud been somewhat 
unTciHcd and the water ,ibove 100*' more 
iJian doubled. . The rock eonta'uied no aul- 
I)liidcs and no carbonates, but 0.25 per cent 
of -sidphuric aidiydriric presetvt iu a sulplmte. 
Theso authors noted tlmt a great removal of 
iron had taken pltU'.c. Tho fresh monzouite 
contained 7.07 per cent of Fc-,03+ FeO, and tho 
altered rock only 1.10 per cent. They justly 
atlributod the alteration of the rock to hydro- 
thcmiol action, coneludLHl that the "universal 
ixMuovul of ii-on from liie igneous rocks in the 
vicinity of tJie-<e deposits indicates a possible 
source of their u-on,"' and held that the de- 
posits were made near the surface by thermal 
springs ■ either as limouitc or perhaps as 
pyrile. 

TowiT and Smith- presented the following 
imalysbi of the altered and bleached *'nion- 
zoiiitc": 

Anfilj/sii n/al'rral " momojtid" nair Dragon •nxme. 
[II. N. SUi'ics, (iiliilvst.l 



SiO, , 

TiO. 

Al,d, 

Fe.,(), 

FfiO 



.. 71.11 
. . .70 
.. Tfi.21 

. . ,y-i 

.16 



.VnO... TTaco, 

CaO 2r. 

SrO Trat-e. 

]t.'iO ai 



No./). , 0.07 

Li.b-.. a'nu-e. 

nj)iitiio*c -IS 

H jO rOiovo 1 lO" 0- . . - 3. 7-1 

I'-A 32 

VA 02 

00, None. 

SOj 26 



m. .■»] 



KjO 4.96 

This anal_)sis sliows conditions chariieter- 
istlc of rock aiterntion by hydrothermal proc- 
esses, The leaching of sodium^ calcium, and 



magnesium, the silicificntion and the concen- 
rocks contahi cither digseminated pyi'ite nrjtration of potassium are characteristic. The 



small cubic and irreguloi- cavities marking its 
former presence, and, as uidieated abovOj 
much t)f the volcanic rock hud been removed 
by erosion. 

The nio.nzonitc porphyi'V adjoining tho 
contact at tho Dragon iron mine is a bh^at-hcd 
light-gray or yellowUh soft imd earthy roi'k, 
but the grain of the porphyry and the dull- 
white feldspar crystals are clearly to l>c rec- 
ognized. Good examples of this rock arc 
found rn the new railroad cuts near the mine 

Tower and Smith noted tlic idteratiou, de- 
scribed the rock, gave an analysis of it, com- 
pared it with the fresh monzonite, iiud found 
that sihea was girafly increased, wliiJe Ume, 
ifon oxides, and sod» w<>re largely removed. 



rock contains rotighly .50 per cent of sericite 
and 50 per cent of quartz. 

The absence of pyTito and the strong leach- 
ing of iron 01*6, however, miusuul features. In 
nn alteration process of ibia kind in a honvil}' 
iTiineriilJ;i:cd rlistrict the solutions almost ahvays 
fontuin hj'drogen sulphide which would con- 
vert the iron in tho sihcati-s to p\Titc. Tlie 
looseness of iho mjitcrinl ami its proximtly to 
th(! sui-face in u region of <leBi> oxidation justify 
the iorcreacc that tho hydrothcrnially altered 
rock luis been leached by oxidizLng solutions 
which removed the p^Titc but were unable to 
iifFect other coustitucnU to a groat extent.. 



1 To*«T, a W.,Jr-, an-i Binith, O. O., tp. 0!t,,p, 721 
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(:eoi.o(;v and out: nf.posirs of xin'Tic mixixg DisritrcT, utau. 



AfUn* ('xposiirii iit, tho siirrucc (Ik-sp pyrilir" 
vok'unic rucks wore oxidizrd by siirfttco wut(M"s, 
Tho pyritc) oxkliztnl t<) ii'oii snlphato (forrcMLs, 
forrir, or both), scK.ijljj: trai snliiliiino aciil, 
wlw'-K rojuUnl w'Jlh .srricilt! nu'l t-onvcrtrfl i(, 
in purt to soluble iilum atii| soltiblo silica, Icav- 
}r\^ 11 n^iiluo of insoiublo kaolin imi! umiilackt'H 
quartz. Tho forric sulplialo in part oxidize-l 
to ]in'.onit(; and vvas in par-t curried slowly 
dowiiward with forrouy sidphato, filum, and 
any luHLsnd sulphinic acid; or, in Uie pn'srnr,o 
of a HiillioiniU suj>]dy of oxyfjun, all (bo iron 
-siilpliatos nijiy lu:v(* boconio convrrUHl i:i)o 
limoMitc, with a (;oni:!s))oiidini!: I'l-tunval of sul- 
phuric iK'id. To a minor (txtont arst-miUs and 
phuspliati'^ wuro l"()rini'.ti. 'Vho. small amount 
of rtUvcr i;i iJio pyritic. iirneon^s rock wns oxi- 
cliicud lo sulphato and pivaipiuUMl by wntoi'R 
conUiininp cldorino a-s ccrarf^yi'll'''. Tbo nii- 
nuto amount of gold bcoumn dissolved in chlo- 
rine fXuiKM'ftteil by inanfjanc^r, sulphnric acid, 
and sodium rldorido in the wafer and partica- 
pati'd in [ha downwunl migration. 

Tho slow lulvancoof Uiis process of iuigratun\ 
do\niward lo the nnntiict with tlu' underlyiuo- 
linicstonc would tluw brin-j; an incroasing sup- 
ply of iiulphimc acid, aluminum sniphuto, 
silica, and iron sulphate in solution. Tho 
finoly dlvid(i<l kaolin luid newly prccipiuitod 
iron oxidri nniy aUo huvo hcun Ui sonic extent 
carried downiwanl iu suHpcnsion by water 
pcrcolatihfc Ihi-iuij^li the ])onM]H residual nniss. 

In tho undcrly'mj;; Itniustono or dolomite the 
calcium and luiigncsium carbonates wcro ui 
part dissol\'cd by sulpliuric acid and removed 
in swdntion, leaving only n small residue of 
kaolui, iitul ill part tlifty worn replaced by 
kaolin; int4'r:iction between iron sulpliiUi- nj.<l 
calcitA' rdso prodnocd a proiipitat.o of limonitc. 
Th<! fi,md rcaalt of th<' process would In; in port 
tlui nietiisoni;itic roplucciuent of tbn limestone 
or dcdonnUi by lirnornie or kiuilin or both. The 
total amount of iron ore iiud kaolin thus forniwl 
would dep<^nd upim Iho thickness of the overly- 
jnjx vcdcjiiiic rock luid it.s poiei'ntan;e of pyrite. 

The sulphuric aciil »nd sulphates invoU'od 
iji this oxplanation woidd luivo no apprwiablo 
solvent uc;i(Mi upon tho vein (pmrtz and hiirita 
which arc presctit ui the Dnij^ou ij-on muio and 
distiiictly older than tlu^ iron ore. 

After t.lio eoiuitry rook wus repUiccd, thei-o 
was tividcnl-ly ti tendeucy for tho nowly formed 



kaolin to he itself re|>liiccd by iron oxitle, prc- 
suiiuddy by a reaction with uny iron sulphate 
still avuibiblo or by u simultnneous oxidatioji 
of iron suIpliNtii and solution of kaoUu by the 
re^idiini^ sidpliuric ucid. By this process the 
iron 4U'e niul kaolin li'Jidod to cojiccntrate into 
distinct bodies, tho kaoJLn prccc<Iiiig the iroji 
<ji'o downward ajul laterally, ov awtiy f|-oni the 
niaiu soui'ces of supply. Tbo manguju'so ore 
Wiis formed by reactio;i3 of tho saiuo kind as 
th(! iroji ore; but owing to its greater solubility 
it idso twule.d to pmcode tho ij-on oro down- 
wind, and in- the j^rcut Orngon d<'posit it forms 
sniidl bodii-s outside of tiie ]ai-ge Iwdies of 
iron ore. The nuingtuio-so oro- nlso bus evi- 
(lejitly been concentrated by the reiducomont 
of kaolin. 

The riccumulation of ore would naturally be 
t^roalesfc whore tho iinii>unt of pyritization w;is 
grtwt^^t — that i.s, near the principal veiii 
zoiu^. The downward migration of luatorials 
would ttaid to Iocali/<c along the more p<asistent 
open fissures Mud in shattered rock along the 
intia-sections or junctiong of different fissures, 
thus concentrating tho oro ijito bodies which, 
tlioui^b irn^gular in detail, stand in generally 
verticul positions parallel to the direetioJis o:' 
fissures m tho ndjacont areas. As tho water 
level stands much higher In tho niouzonite and 
porph^Ty tiian in tho lijnestonc the flow of 
solutions would be niaiidy in the direction of 
the coiitact. 

It is impossiitle lo give more than a rough 
estimate of tho volume of volcniiic rock that 
must have been leachcxl to supply the UmoJiito 
in the iron-ore bodies. The total amount of 
ore, uh-eady muied and in reserve, hna been 
estinnUed by L. E. Riter,^ the manager of tho 
mitu^ in 19U, to he between 750,000 and 
l,(X)0,000 tons. Tho pyritized volcanic rock 
may bo reasonably iissumcd to have hud flu 
average specific gravity of 2.70 (the nuMiii 
botwoeu quart/, and sericito), not aUowing for 
pore apac*f, whidi would imply a weight of 
lt>S.75 pounds to tUo cubic loot. If pyritc ^ 



» Till! umlvilnti of p.TTUe In wtUmaUnB Ih" ■=«ni»«l «pe'-inf Krr>\1ty 
will Uiiil ta iMmtwns.Ve any 0\<an\imoX4 of sericiUf. It iho pyriHacd 
rccli con-isti ot .v> pt-r ffnl Men (vhIiuik-Wc) vUh a spcHfto pnviiy ot 
2.*)1,ir>iKT(rpalscTieJlaweita*p4'rtnri:ravitrof2.7&,tuu|&p(Tccntp)-rita 
*ilh« *|i«iQc Btarily o( '.:.\, LhoiqxvllK! (m^ity oHh« n*.lt would lio 
IsO hL«t*.iil ol 2.T0, and (hi, ATuUtiUe ^r='>''*U'-y ol pyrho ciJiTt<ronU- 
Uijly |Er<mt«r. 
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is fissimici) to iivt^raijo 5 per foiH- ol' Urn rock, ■ m Drai^ou (VnyoTi (p. 154) sliows tliat some of 
na m the driJl &anipU'3 inojit,iiiiu;tl on iiiio;^ ir, t, Hu, pynlit mun/.oiiito i-ontains as much as (J 5 
1 cubic foul of thoroc'.lv will coiUiiin 8.4 pounds \icv cniu of coppL='v. 
of pyiito, equJTulont to 6.5 ))oiiii(!d of lirnniiilo. 
A bloc ic of pyritizcd porplijry inO Ici^t ri(]U!iro 
;iiid 1,000 foot higli, conliiinijvy: 10,000,000 



cubic f<'.et, could thus iiccouiil lor iiijout 2;),0IS 
long tons of limonito, or from 2.!) lo 4 per cont 
of t.l\o tot^il C3tini;itod quiUitily. A block 
1,000 foot long, l,O00foiil bigii,,iiul 2o0 foot wide 
c.oulfl furnish all tho niininiuiii or throu-fourtha 
of (lie muxiiaum rstimnti'd qu;ir.tity of oro. 

Thoi'o Mi-c;, of oouTse, many Tuicort-niiitics in 
thi.s nniglv GsUnuUe; Tlifi uvcrap:e contont of 
p_\Tit,c Diay liDvo bccTi irioro o]' less Chjin 5 poi' 
ccnl ; pyrltizaUon may liavo cxlondod ,l(v<s or 
mucli more tluin 1,000 foot tibova the pi:csonl- 
?Tiiiaco; not nil tbo iron dcri\'od from a givon 
vohuiio of tho eroded povpluTy w'rt-^ conccn- 
trntod. mto this one liraoiiito body; pyiitizod 



NOItTH TINTIC DISTRICT. 

Hy G. F. I,oi,'rfHT.iN-. 
TOPOGRAPHY. 

Tlio North Tirilic district iiicludes .lU the 
country in t\\o Enst ThUic Kan^re „orth of the 
Tiutic UT\d Kast Tinfic districts. It is divided 
topoi^napliiojiJly into tliroii nearly purnllol 
inoiuitain ra^igos of norliierly trend. The 
wcsluni and rontrjil r;ui£rcs nro forlis of tlie 
miuii Ea^t Tiutic. Uiniirc, which splits just be- 
yond the uo]-th\vc'sL conior of the 'ri7itio qund- 
langlo, find arc sopunitod by a pi-ominunl viillo}' 
l;no\ni as Bioiid Ocinyon. Tiioy arc clianic- 
UM'izcd by somewhat oppasito s^ininetry. Tho 
wfatorn ranfic lias asiiujoiis diA-ido willi sorond 
rounded peaks, ashort iin*! sieop t]ioui!;h utoj^- 



zones in tlio limestone, now replaced by tl:o ovc, : lar rasloni slopo, and a wot^tern slope coiuiiosed 



mnsti have added inat^-riaUy to tho nvailablo 
supply of p}Titt'. Tliore se^nis f.o bo no rra-son- 
ftble doid)t, liowovor, thnt there \s'us cnoug"h 
pyvito in the former overlying rocks of tho vi- 
cinity to supply all thelimonite, even for the 
larg;<jst of tho iron doposilg. 

The ftociimulation of the iron oro is doubtlesiS 
still going on, as sbov^ai in the Ilmi'ington tun- 
nol (|i. 261 >, wlicre kaolin is behig :mpi"ognatod 
by linior.ite derived from oxidizinj^ pyiile in 
tlio udiacoTit porpb}Ty, nwd iiliim is lio,n{^ 



of Ion* spm-s tliat extend westward for about 3 
miles witb very i:^eii'_[y sloping cresN inul ond 
abrnptly along tho ou^t cdgo of Bush Valley. 
It tormiiifttes on the north in n, cUist^jr of foot- 
Iiills which Hi'c separutcd from tiic soutli ond of 
tho Oquivrli Moinitains b^' tlio narrow pass 
which connocls Kusli and Cedar vulle3'^s. Tho 
central range lias a stmighl^i^r and more ivgular 
divide, a sleeji, nwie regidnr western slope, and 
moderately sloping eastern spin-stliiittornnnat^ 
ftleng tho we-it edge of Cedar Valley, ii lireaJ, 



formtid. Tbc present mass of pyritized por-| fiat closed basin, partly covcrtkl by dry fnmwi. 



pl\yry from the lower levels, according to iho 
drill cores obtnuicd beiiortth Dragon Canyon 
(p. 154), has not undergone much oxidation aa a 
wholo, bnt considerable oxidation has token 



Tlieeiisff.jiiorsouuhoasleni ruTigii ox tends nortli- 
northeastward from Pinyori Peak, foi-nung tho 
southeast boundary of Cedar \'ijl]ey, and is 
pniefieally continuous with tho Luke Moun- 



place along tissnrcs, (w sbowa by the oxidized tains, which separate C^dnr and Utah Lako 

oro de^^olopefl in voiUiS dovni to v'ater Ic-^'cl — a j valleys. 

depth of 400 to moro-than 650 feet in differPtit There am no to^^^ls or villages in tlio North 



!pt! 

places. ^Yl^el-o these fissures reach the hnie- 
s(<ino tbo fonnation of iron cro a:\d kaoJin 



Tiuvic disdict, owing U) the scattered distri- 
bution of tho mines. Water is obtained in tho 



sbouid be going on, b(^'inning new denosits or j western part of (be district from wells driA-cn in 
augnLC.nting tbo lowest portions of the giofll; tho alluvium of Rush Valley; in tho central and 
Dragon deposits, which have migrated down- ,;astorn parts from springs, tho larg^-st of w;ueh 
ward along the contact beneath tlie porphjTy i^ Greeley Spring, at the south ond oi Cfi<lar 
nt bmst as""/ ar as the 600-foot level. Uodiivs of ViiHcy. 

iron ore mav bo fonnd a^ f ar doA\^i .i^ the water geology anp oke deposits. 

levol, but any below the gi-eat body should be 
0xpoc4od to bo small and to Ixicemo smaller 
\^-itb Ueptb. Theromoy, however, besomo con- 
centration of copper beneath the mam d.^wsil, 
if t-ho eroded part of the porphyry eontamed aa 
appi-eciabic amount of coppor. The drill core 



WKSTlvUN UANGB. 
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Only a hiisty reeonnaissanee of the gcologj' of 
the district Ims been made. The wc-stern range 
coiiici<ie3 u'ith tho principal anticline of I ho 
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region, the anli<'liniil nxis piL-isin^ north-nortli- 
oaslwiiifl thrt>u{:(h the Jiorlhis-cst corner of tho 
Tintiti (.|ua(lranglc and pitching northward >w- 
noath Urnnd Canyon. Tlui same sequoneo of 
stnitti is rfpresrnU'd on ihe wo>>t. limb ad; on ihe 
oust, Ruvc for (ho prownrf of n )>rominonl \wi\ 
of qnurtziU' \\'liir}i Ji*"^ at the ttjiproximMlc hon- 
z,on of the Herkimer limewtorui in the wesl. fork 
of Broiid Cimyoii, near tho Ilol: Stufl' pro^poei. 
Thi^i (|i,mrty,it(^ bed hn^ not been rurefuBy traeofl 
but iippeiii-s to have pinehe<I out rastward. aw it 
was not wen in corrcspomlinj:; position on tlic 
riiHt limb of the iintirjino nnir tlie head of ihe 
0tt3(. fork ot Brou<l Canyon. There is said to be 
an tmtcrop of quartzito further north along the 
crest of the eentral range, but it hns not been 
\'isite<l by the writer. Such a bed should cor- 
respond closely in stratigjaphie position with 
tbe quart/.ite lit the Hot Stuff properly. It ig 
not likely that this quartzile is an upfauJt^d 
part of the Tiiitic quart/.ite, as ihoiv. is no repe- 
tition of sbale ami limestone (Ophii' nntl Teu- 
tonic foiTnation.s) uhove it: on the other hand, 
theye two and the Dugmar Umeatone lie below 
it, nn«:I poor ex))osures of the Herkimer limc- 
slonu und Bluebiitl dolomite followed by good 
exposures of tho Colo Canyon dolomite and still 
higher stnitn lie above it, 

Tho nieinbtrs :ibo\e the Cole (Jahyon dolo- 
nnte, including tho Opohonga limestone, form 
the divide that noparates Rroad Canyon fi-om 
Hush VnUey. The Opohonga limestone is the 
most conspicuously expose*! fonuation along 
tho Kureka-Seranton tniil and fonna the sum- 
mits of all the peaks from the head of Black 
Rotk (Canyon to the heiul of the north fork of 
Barlow Canyon. It has not been followed 
north or sonth of these ])Iucos. 

We^t of tho divide the Ordovleinn and Mis- 
sissipjiinn rstvnta of the Tinti<; section Tie across 
the long westward-sloping ridges belween the 
wido eiuiyons (Miner's, Blue-k Rock, Barlow, 
autl othei-s) that enter Rush Valley. They 
strike for the most part north-^northeasl and 
dip l.>0''"3a'' W., bfit a mile north of (ho Scran- 
ton mine they curve eastward and cross the 
northward-pitchiug antichmil a.'lis. The lowei' 
northefu hills of tlie range luv, so tar as seen, 
composed wholly of the Humbug formation, 
whicli there its a whole dip.-^ gently nortlnvarri 
but is marked by several undiUutious. Thu 
Hunihng also forms the west fa^e of the rango 
southwani to Minor's Canyon aud beyond, pos- 



sibly fljs far south as tlie lo\v hiJIs fhnl extend 
westwai"<l and sepanito Tintic and Rush valleys. 
Soul beast of these low hills the front of tbe 
main range liirns abruptly eastward, cutting 
across the diffenMit linirslono formtilions and 
the West lin'-b of Ihr Tintic quurtzilc. The 
toj>ogt'a]ihv of :Iio range fi'ont here strongly 
suggi\sts fault seiups, or tv-|>ical Basin Range 
alrueture, 

Igneous roelvs in tho western part of the 
Norfli 'I'intie district are Mmiteil, so far as 
known, to two riikoH or sills of monxonite por- 
pli>Ty im<l a few renimjnts of sui-faco Hows, 
S])eeiniens front the di.tes have been shown (o 
the writer, but neither dike has been seen m 
])Iace, A patch of dark, weathered latito was 
found half a mile northeast of the Eagle Eye 
prospect, on tho lower west .slope of Broad Cnn- 
yitn. A rhyolite patch was found in the head 
of the east fork of Broad Canyon, south of 
the Wssii prospect, and other small areas were 
seen farther to the southeast; one of those 
small areas is partly shown on Plate I (in 
pocket) crossing the north boundary of tlie 
Tintic quadrangle, northwest of Kremont 
Canyon. 

Tlio fissiu'ing and faulting that arc char- 
acteristic of tho Tijitic district persist no»1-li- 
ward, and fsiuJts .tf coiisiderablo offset may 
bo seen oven on n brief rccomiaissauco trip; 
hut no attempt has been made to trace any 
of them. Of tho two mines that havo shipped 
i)ro, tho Scranton and tho Now Bullion (Bal- 
hinch), tho oro bodies of the former arti associ- 
atx^d with northerly to N. 1.5*^ E, lissuivs and 
oblique cross fissures, and thoso of tho latter 
with northerly and easterly fissures. 

ORE DEPOSITS, 

The ore bodies thus far worked hi the ^vest- 
ern part of the North Tintic district reaenihlo 
those of the Colorado cbaimel or north half 
of the Iron Blossom zonoandneighborlngnibu^s 
iji iho Godiva vamm more or less closely iJi form 
and niineraiization but differ from most of 
them ui their extremely low content of aiWr 
and silica, and u\ these respects they ivtcall tho 
upijcr workings of tlie Knst Tintic Develop- 
ment Co. 'a nmio. The deposits studied are 
so thoroughly o.\Jdi/,od that data bearing on 
the gcnctsis of the oro aro rather uuaat.isfactory. 
Fmm tho evidoueo at hand tho ore-forming 
solutioiis appear to hayo ascended along 
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northorly Sssiiivs, bnuichcd jilmi'^ corliiin j /,i:u- ami Icaii oro. A i^asolino compressor for- 

nvrrly t'liniisiuMl jmwor for miming two whims, 
hut. electric (wwer iy now u-^od. Water Is 
liitulcil from tlio onmpany's well in Rush \'u]- 
\c.y. -1 tiiil<'-s juvay. Tim ore, aft«r sort.ini;, is 
hnuled hy wajjoii (0 toas to a 4-lioiso t^nm) 4 
inilas do\ni mi o-a-sy ^nido to th<^ Los An-^dlos 
c'i Suit Lnko Kuili-oad at Dol MoiiUt station. 

Tlic undorjp-ound \rorkin>rs inc-IiKic fnui- dis- 
tinct rainos— tlievSoTith Es.so.\ Nos. I and 2, tlio 
Mai^ay.iue tmmcl, and liio Dol Montt\ Tlicsc. 
lie in a nortli-sout,li zone which e.xtoncli aci-os-s 



cmss fit^fturcs (east, snufheasl, luul Jioiihou^lV. 
ajid spread more or less i-xtoiirfivoly ulmijj 
ea^jjQy rei)laceal>lo beds ul' linit^sloiio. 3V- 
position ftloiig or near iho tnmk (Wures lias 
gix'cn 11 siliceous loail or lead-zbic oro, and at 
gCi'oatcr distances from the. fissurc' a lead-ziue 
oi-o with a doloKiitc-falcite. t?ans;iie. The 
dolomite forms wliito ijrainilar ngpTpites njid, 
where open space afVords, small cui'vcd rhoni- 
boliodrons. Tho calcite is '.ires('nt iu two forms — 
narrow pointctl crystals isealeuohedrons) the 



Inrgost an uich or nioiv in length, which Barlow Canyon for :i,QQO feet or more. (Soe 



ruark either thft closing stiigo? of pruiuiry ore 
deposition or deposition from primary solu- 
tions at some distance from ore bodies, and 
Jlat rliomhs or scaly crystals, whioh arc the 
lYsult of sccojidary changes in tho ore and 
■whose formation accompanied or closely fol- 
lowed tho doposition of the secondary oiv^ 
minerals, Dcsc<Miding wnters have oxidizer! 
the originaJ lead and zinc sulphides ajul con- 
centrated tho motala, especially the '/Arc, down- 
ward aJong both bedding planivs and fissures. 
In soinG places a mixture of caleito and tho 
hvf Irons oxidos of iron and maua;anese has 
been left to mark tho otiginal position of tho 
ore body. The zinc has moved as a nile faster 
thnu the lead, fljid this has given riao m some 
places to separate though adjacent bodies of 
lead ore and zinc oito; but. in other pluees the 
migration has boon less and both motnls occur 
together. Tlio cause of this difference in 
XDode of occurrence is concealed by the com- 
pleteness of oxidation, but it is bolioved that 
tho separi\t4i shoots of lead oiv and zinc oixi 
were derived from practically sohd mixed sul- 
phide bodies, the zinc content dcsceJiding and 
replaeuig the limestone walls, whereas the 
mb:ed lead-zinc ore was derived fRini sul- 
phides thickly dissemuiated in limestone, the 
caleiTUn cju-bonate reactmg witli the oxidized 
zinc soUitions and causing pnuipitatiou prac- 
tically ill place. These features are all illus- 
trated in the dcscriptitni of tho Scranton mines. 



SORARTOK JiniES, 



Pi. XXXrX.) AU are entered by tunnels, und 
dif^'eroiit levels are reached by inclined raises 
and winwvs. 

T:ic innnediate country rock is t:in Pino Can- 
yon linuislone, which strikft* imrtlumsl and dips 
25°-J5'' N^V. Tho (lip nndulatos soinowhat, 
iu\(\ loral variations of Iiorizontal and id^o of 
nearly vertical dip arc found in a few places, 
both on thosm-fnce and undorgi'ound. The oro 
bodies, as in the L'on Blossom zone, have be^iii 
formed hy replacement of a carlain member or 
uu^mbere of tho ooui-se-gruined limestone, The 
neartwt rej)orted ocem-rences of igntnjus reek 
arc two small dikas or sills of monzonite [wir- 
phyiy, one on tho same, ridge as tho Del Monte 
mine and aNntt a mile west of if. the otiier iu 
the fir-st siuaU eanyoti south of Black KtK-k Can- 
yon, about 2 ov 2\ miles southwct-t of the South 
KsMtx woi'Ivings. 

Fissmhig and fault iug are prououjire<l iu cer- 
tain places midergromid but are so conctialed 
beneath lloat at tho surface that I he size :ind 
directions of the principal faidts can he (h»lor- 
luinod only by a detailed study. The mosL 
pronoimccd (issming underground is along the 
fault zone kno\pn as the "Scranton fissure," a 
series of brealcs, mostly open, winch c^>nvorgo 
at low angles both along strike and dip. Its 
strike is N. IS'^-SO"' E. and its dip as a rule is 
vortical to SO" W., with 6;i° W. in the uorthom 
Del Monte workings as (he groatttst variation 
from vorticid. A few minor branch fi^snrtw in 
triis zone have easterly dips. Tlio meager ovi- 
deuro at present available in(hcal<>s that the 
''Serauton fishuro" was formed after the min- 



Th© Serantoii mines, owned by the Scnuiten crfllization, as it cuts off a thin hod of leacheil 
ilirmig Sl Smelting Co., «ie on tho north and | miuernlizml rock in tho northern Dol Monte 
south sides of Bftrlow Canyon, about H miJe.s workings; but no attempt lias been made to 
from its mouth, about 9 miles northwest of dolenniuo the amount and exact dirwtten of 
Eurek- (See fig. 4S.) 'I'bey have produced displacement. Easterly faulting, also later 
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than minorrtliziition. nmy linvo wtnurnd silon;^ 
tho rcnu-sc of Harlow Cunyon aiul olnnj* its 
"bffllicU ImtAVpfiii the port Ills of Soulli V>so\ 
Uinuols No>^. \ nut\ 2, Tmt tlin app;i!-('iit olTsol8 
in tliaso v^aces moy h<> thiti to Iik-iU \';in;t'ioii.s 
in striUo ami dip coiiccftletl boiti?atl\ alluvttim. 
Othor fisisiira^, tiln^ctty counccloil wllli tho 
fonualioii ol' ore bodies, lie in IIjiht- ov fonr 
sy^toms; one of Uu^so Birikes N. oO'^ K. tv.iA 
dips stt-eyjlv cnstward ia tho soulhrro l>ol 



these (liiTctions is about 00 foot. 'Hie tliick- 
lU'Ss bt'twrou Ih.o N. 70'-8l)° E. break.<i is 10 
fcot or moro; hut at tho iiorthn-n of these 
fis^m-c^, ;i sniiill fiiult wi(,h downthrow aw. the 
north, t.iio oro fi(llo\v;i ui ti tluu nlxouk down 
tlie fiiuit plane for 4 fcot {i\v\ then tontiimes 
lutrtlnviU'd nIon|^ tlio bedding \ritii a few 
"i<o]iher hclo-*"' whoro oro hay I>t-rii ^topod. 
The north.wrst end of tho iir<i body extends 
down for 20 foot, oloni; tlie N. Xi" W. (issuro 



Monte and other mines, and cinre:> 1o ihic , at it:< jimotion with ii. sjmr-IiUetl ti.«suro, prnba- 
iiovtli with ii. 61)** W. dip in the nii<hlK'. and bly of the *'Scr«ntoii lissuro*' zuno. Tho ore 
nortborn IM Monte. A second sti:k»<s X. niiucd wius jill Kundy le:id nuboiuito with little 



60^-S0° IC. and dipy 70°-S0^ N. where. tli.o first 
stviki^s X. :iO° E.; and tlio same or i\ third sys- 



or nil aiuo. n'iwiii*d tho southoni N. 80" Ifi. 
In-er.k nud up the dip of the- htHhluijj; thu orn is 



i.^. ....-.-.-. -." — , .. -i -- ~ -.f- ^. ,-, ^ ......... ... 

temstrilvCsN. 50^-55° K. and di]>s70''8. whoro , boundcil by red iron oxide, witii mmic (imuiy., 



the lu-st system strikes north. Another sv>;teixi 
striken N. 35° W. nnd dips steopiy norlhwe.st. 
As the oro bodioa He along tho coiii-so iif Iho. 
first of tho>-:o sjfsteins, this sy^^lom iipi^ar^ t^i 
luivo boon Iho tnank clianuel ulong \\\\h-\\ tlie 
oro-formini:; solid ioiia ascended. Th« oro hoil- 
ics, bowev««-. are all so Ihoroxiglily oxidized ami 
the "wulla of tho six^pos and most ol' the i^ros- 
pecMng tunnels aro so thoroughly <l<;com]>(isod 



caleito, and kaolin, whieli Ima been l'oUowe<i 
ill a rni«c lo Ine snrfiico. Those siime minerals 
fitvni n more or le^s cimtinuous covoi- or "chs- 
iTig" over tho ore Ixidv and along it>s sidos. 

The sei'oiid ore In^ly, also of sandy lead oir- 
houate, hes a little, ruoro taun 100 foot farther 
north, ))rohab!y on the s:iLno limestone bod ooii- 
tinued oldiquoly dowTi tiic dip. The area of 
ore is roughly elliptirtil, nieasiu'ing 20 by 30 



l'*"^ ■■ * ' ■;:> -"■■■■—— — • - — o J • — - — ri---.' ,-...-.., jj __ -.^, — 

tliut cvitloneo is at best ol»soure. The oh.ango feet, but tiie "casing" has been f<dbwcd S. 33" 

iu tho strike nn<l dip of this sys(/Qm is sinular E. beyond it for 45 feet, wliere tlio drift cuts 

to tho cbrtugc^s in strike of the Uue-lo Sum tho surface on the west slope of a -small gulob. 

*'\vcst clmnnol" and tho East Tin tic De^-elop- About 25 feet west of the st<»pe a litUo sec- 

meiit Co/s vein (pp. 227 and 247), hut ill this ondary zinc ore ^\'ith ealdtii and iron :ind 

locality" the pliKR whero the fitrike cfiangos luus niangaiiese hydroxides has been found in the 

. -. ■ .1 II ___:_* «;«,,, .Mill o i.,.. /? --■j...i.i._ I -L J r_._ . .1 



not been well exiiosed and nu intersoctiou with 
a cross break can only bo conjoctured. Fis- 
sures or cross breaks of tlio other sj-stems appear 



Soruuton fissure, evidently leached from tlie 
oro body, No prospecting west of the Semn- 
toii fissiu'o has been attiMU]>ted at shallow 



to have determined th<> location of someof theLiepths^ mid tbe possible westward continiia- 
■orc "bodies along favorable limestono beds. j tioii of tiiese ore b(Hiiea has not been test<^d. 

Saulh E'iscx- No. /. — The workings of the 



ORK DODISS. 



™. . .. Ill- 11 1 . jK«K«/lfi;ii(T Honta Essex Ao. 1 be 115 and 175 leet beJow 

Tho oi-c bodu« aU hopRraUcl to ^^^^ t>«^f "'«' ^,,„,, ,f ^i,, ^,,,^^, k^,,,,, ^^^ 2 but a re wholly 
repUu-ing hccU of medium to coarse gran o i Scrantou fissure zone and in 



in or east of tlie Scrantoii fissure /.oue and in 
th<j fine-grained blocky limestono that under- 
lies the i:'oai"ao-gi'aiued limestouc. The only 
ore found in SoUtli Kssox No. I was a small 
bunch of secondary' zinc- ore in a fissure. Its 



moro or less dolomitic limestone. Seven bodies 
liavo been workeii, besides a few smnll p*'ok- 
ets— two in the South Essex No. 2, one m tho 
Magu'zinn tunnel, and four in tho Dol M-nde 

nimo. .,^i:„uSourco can not he determined. 

Sfraih ferx No, ^.— The two ore bwl.es . ._ . 

hi South Kssex No. 2 have been worked out. 
-nu! souCheni ono lies nt tlio intei-soction of a 
N. :J0- E. fissm-0 and ft N. 35^ W. fissure, ^^tll 



^ilagaz'vnt! I.Hn7t^'L-—'T\\\i Macraziiic tiiiwiel 
workbtga have opened up two bptis of miner- 
aliwd groujid. One is a rather low i^-ade 



N.rjO^E. fissure and ft N. 35^ V>.Ji^urc.^'^^i^t«^ ^^^^.^ ^^^^^^j ^^ ^^^^ impregnation of a 

threo nearly parallel N. 7O'-80 ii*. ^ - I mediu-m-gi-uined dolornititt limestono be<I ex- 
fir.d is only 20 feet or lesa bencatli ^ne suriitee. ^^ ^ ^^^^ ^^^^^ ^^^^^^^ ^^^^^ ^^^^^ ^^^^^^^ ^^_^__^ 

It-s outline is nccrly square ^*'^^. i"^^ p 'of an JncBne that coimee.ts tho upper drift 
hrarK^hes Which extend along the JV. ^^ ^. i tunnel level. The ore is only 

K. 35° W. fi«*ure.H. Its total length m Uitn 
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pnrtly 'ixicHzod and in the uppci' thiU, t-on- 
yist.s f)f gftlonn., ditrk-browii mirrnrrystulliJic 
ziMiv blende, and leatl riirlinMitc, i-.losdy iisi^n- 
ciuted with dolnmite spsir mu! i» very liltlr 
mi'ros<:opic, qunrtz jmd p\nti'. lo- 'i-w; pluce 
II snuiU \'TJg wiLsfdOnd liiicil %V[f.li sruull twianod 
ciilcitfl H<-.!ilonohc<irorLH of liiki' j^Tcuih Umn 
l,!u) dol(tmito.. Iii tlio iiicliiic liulow ii lnrgo 
pocket of zinc. oiirboiiiLLc nnd ^filiciit-c wiili red 
iron oxide and iht rlioiniis of iMlcifn was 
found tiloii;:; tlio beddiiij^.. and below tliis on iJio 
main tunnel lovol some HCf-oiidnry '/.'\\u\ ore 
witli iron oxidoand f-nlcitx! was foiuul in a N. 10° 
K. fissure. Tills ore body, tliough not of niucli 
c-oinnuTnal imporluutc, 1ms ulFoidcd tbo bf^t 



»-.top'" f"i"Di3 Llio uppiT iiO f(?t't and the zinc 



sU)i>t' 



Lilt! Jowci- t ID fci't. Thi) slopes wlu'ii 




bto^ along «at»C« 
of fmlt 

rums f^.—Craa idcdoB ot MasT^ina lunni-I slttl'i*. f^ranlou mlmxi. 

f.liaiicc to study tUo orii^iual ore "nd Liifi 
roliifion of zinc, to Iciid. 

Thn scconil Magii-zino Uinnid on* body, now 
woi'UlmI out:, lies V.'A) fcot or ni<n"c strntigrapli- 
i<'.nlJy above tlio fii-sl, Us upper part (fig. 40) 
conyists of Imid carbonate a[o]x-. 110 feet long, 
70 to hi) feet wide, and 10 to lo fiv^t thick. Its 
lo>\ei- part is a /.inc-ore ^topc (earbonal*3 and 
siJiciile) l'.IO feet lon«:, '10 to liO fci'twidc, and 
lo '2\ feet thick. Tht> wliolo body extends 
down the 'M° dip of the bedding in ii N. W 
AV. dii'ecLioii fnim the ui>i>enno3t level, ucin* 
the Hurface, to the 8<'rjinton fisstn*e zone on 



visili'<l woro iniicei ssil)lc for closi) ytudy, but 
the t'oiiowinir features ;.re of inleirst it" coii- 
rtidorcd willi tl;e data from the other ore bodies. 
The ^- 1'*° ^^'- trend nearly pamUels the N. 
35° Vt' figure system. The sel»inition of zinc 
from h'iid marks llie etnupletioij of oxidation 
and socon<^larv downward <;<ineenlration. The 
fTi-i-jit w:areity of iinoxidized ore Uiroui^hout 
iho Scraiilon group prevenls any .-"tiit^'-ment as 
to the uvonii;e ratio of original jj;:denii to zinc 
blende, and ii<cordinjj;ly of the itmouiit of 
,l,j\\Tiward coneentration, A representative 
arudvsis of the zinc ore shipped j^ives 0.5 
oun<'<i of silrer to the ton, 2..j per 
eefit of lead, l-t.l per cent of in- 
soluble miitier, ;J2 per cent of 
'/inc, 0.4 per cent of !*tilphur, no 
spcis-s, un<l 5.!) por cent of iron. 
The higliest-grudc ore shipped 
earritHl 52 per cent of zinc. No 
firruies iviiresonting the eharucter 
of the lend oro wero obtainwl. 

Del J/o»i:r.— The Del Monte 

mitK^, the lfir«;est of the group, 

is ol)ened by three timnels^thc 

Biddlee^m, Cole, and Hid Monte 

fPI. XXXCX)— all of wliiehrun 

northward and arc coiuiocted by 

drifts and irielintw. To the. east 

of thcao throe is the Grand Crt^ss 

funnel, now uhandonod, which 

e.xtentis a short distance t*:) un 

old stope. 

Of the three principal tunnek the Biddle- 

c»im follows a fissiu-o that strikes N. 45° E. 

and dips 60° SE., along which two smnll 

bodies of lead earbonato hn^'^^ been sloped. 

These slopes liu on the himging-wall side of the 

fissui-e and arc inenstKl in u mixture ooniposc<l 

priacipally of the hydrous oxides of iron and 

inangaiu>so Dccompaniod by i-uUilc. Beyond 

these stopes the main eoiu*a!c of fitJ-suring changes 

to N. 20° E. Mineralized rock pei-sists, e.nd at 

one pliici-., about l:(0 feet from ihe slopes just 

nieutioned, a small body of lend oarbonato 

with ft jjatiwne of quartz (silieified limestone) 



tbi* main tunuM hnel, where it turns agiviust has )>(.,.„ sloped. This body occuj-s at the 
n went wall of shaly dei^so limesU.no iintl io\- junetio,, of two fissures of parallel strike, one 
lows do\\ni along the nearly vertical n>*-^nre. 1 dippi,.g qo^ W. and one 2o''-o0'=' K., and also 
zone for 50 feel. The. total rerlical height of ^ repUc^^ m limestone hi-<l for a short distance. 
the ore body is UK) feet, of which the lead 1 The roplaced bed is fanlled for 6 or 7 feet vor- 
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ticdlly l>y H thirfl fissure ('f strep Cii^lorJy ihp, gi-nph. This zinc ore may prove to be com- 
■whicb. iti ilsolf :^ilicifieil Ih'Iavimmi the ofTsol plcrucntnry to tlio lead carbonate ore just mcn- 



portions of thti bed. 

The Colo tmiiicl, l')0 feet north^^osi- t)f tho 
Biddlccom tunntJ, also Hiurls in ;m 010 outcrop 
anci extends N. -20" K. for liiQ ft'ct.. nlong iho 
east edge oF an irrpg:ul:(r btMldcrl stoix* inltT- 
nipted by tlu-ee largo pillar;^ and now largcly 
liUed with, waste. Tho oiv, in this stupe closo 
by the portal was pvincipally load earbonjUc 
with iron oxide; elscwhorc it was a mixturp. 
composed chiefly of load ami zinc carbonates. 
locally kTiown as "coinhination" ore. The 
north ond of the Cole tunnel slopo lies 23 feet 
above tho southwest extviMuity of the prin- 
cipal mineralizcid area in the mine, and tlio 
intci-vcning ground is heavily stauied with 
iron oxides nnd closely :issoei:ited pnt^nc 
materials. 

The principal minerftlizcd area lies nortli of 
the Biddlecom and Colo tunnels and is worked 
from tho Del Monte tunnel, whose portal is tSO 
feet M'eat of the Cole. Mineralization in thir^. 
area has been proved by a network of drifts t<^ 
be continuous, and the deposit baa been worked 
in several dilTereut stopes. Tim two eastern- 
mcst (highest) stopes lie duo nortl\ of the Bid- 
tilecoui tunnel, llie southern oneyieldscJiicllv 
the "coinhination" ore, which is hounded on 
the enst by the typical mixture of limonite, 
psilomclane, and calcitc. Downward, aloiiig the 
dip, the " combination" ore is followed by a 
sniuU body of zinc ore, largely calaivdne, and 
directly beneath thia is limestone imjjrognated 
by a mixtnvG of galena and cerusito and cut by 
a fracture filled with concentruled cerusito. 
This reversal of relation, xino ore below lend ore, 
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tioniid. Other slopes in tliis area are of typical 
combination ore and need no special descrip- 
tion. The area, as shown by drifts at the time 
of visit, was roughly 200 feet square, and the 
ore sloped rans^ed from 7 feet down to 1 foot in 
thiclcness, forming pinches and swells ^dth 
no apparent regularity. Two fairly repre- 
sentative analyses of " eombhiation" ore from 
this area arc as follows: 

Anal-jXfs nficmdnimt'on" OTc/ram Del MnnU Imni'l . 

Silver.. DUiice j»>r ton. . 

Lead perceiir .. 

Insoluble JiiattrT do 

Zinc do 

.Sulphur .do 

Speits do 

Iron do 

Tlie zinc is paid to range as a nile iR'tween 2(1 
and 40 por rent; the lead between 2 and 12 per 
cent. 

The next ore body to the north, the Wolf 

winze stope, begins 45 feet below and 2o feot 

beyond the nortltwest limit of tlic principal ore 

l>ody. Tliia stope has yielded a lead carhouato 

ore, high in iron with a gar.gue of quartz (ailiei- 

fied limestone). Its area is rougldy 40 by 60 

feet, and it is bounded by two sets of imrallcl 

fissures, one trending north imd the other N. 

40° E. The northerly fissure, which ptisses 

along the east boumlary, dips 60° W. and boai'S 

much the same relation to this body as the N^. 

20° E. fissures bear to the siliceous lejul ore 

body in the Biddlecom tunnel. ^Vssays of ore 

from the Wolf wir..z© stope give as a ride from 

0. .5 to 1.5 onncea of silver to the ton, 21 to 33 



which is so marked in the Maga:5ine tunnel as per cent of lead, 8 to 24 per cent of silica, 2 to 3 
v.'ell as ill certahi mmos in the Tintic district, per cent of zuic, and 23 to .'^2 per cent of hon. 



is evidently the result of incfjmplete do^uiward 
concentration, the underlying partly oxidized 
lead ore having lost much of its originally asso- 
ciated zir;e blende by downward leaching, and 
the overlying oxidized zinc ore having mi- 
grated down tho dip from a lugher position. 
Tlio northern of the two stopes has yielded 
along its eastern (upper) edge a small aniouut 
of lead carbonate Oi-e, which merges down the 
dip into "combination" ore. A little farther 
north third stopo has exposed another occur- 
rence of oxidized zinc ore o\'er a galeini and 
c-enisite nuxture tliat may be accounted for by 
the e.xpIrsTiation given in the preceding para- 



Tlie higlieat assay on rccoi-d at the time of visit 

was 43,2 per c^nt of lead, 35 per cent of silica, 

and 6 per cent of iron. 
The northernmost and deepest stopo at the 

time of visit, that around the Knap incline, 
lies -50 feet north of tho Wolf winze stope and 
about 2.') feet below it. Tlie ore hero, too, is 
sihccou3 lead carbonate witii a silver content 
(13 high as 3 ounces to the ton. A few copper 
stains are also prtsent;. The stopo as a wiiole 
follows tho bedding, which here has a northerly 
dip. It is 1>oimdcd on the east by A northerly 
fissure dipping 50** W., which \b doubtiesa the 
one that extraid-i along the east side of the Wolf 
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wi'i/.o Slope. Rust, of litis iissuiG is a tliia 
lji\i;r of ir'>ii uxiilc and rulcifo " i-iisiti*;," wl.idi 
i^sti^ub wtjstward ul-m^ l-lic brililinL; for alunil. 
■10 foot atitl U cut tjfT by t!:c Scrii:iti>ii li.-snro. 
f,'iu.fsh of tit, *,/v.— -VJihoiifrh single rli'iuil^ 
of evi<lonci_i arc not convirn Ji;;. tin.' ovideur.o ;i-^ 
a wholo urouud Ihc tvo nniiiifMiutlost sloprs 
indii^iilos (hat (ho juincnilizing snl'.iiions www 
iulriKiu('C'I tiiroui^'h on;'; or luoro iiorthi'rly fis- 
siircs and deposited tlir ore nIoi»^^ (Iks iulcr^f-c- 
tiou of Mii\'-i'. Jifyurcs wiih an (*a-^i?y ii-placcivHlo 
Jiuu-<lnnp. bi'd. Cro^H li^^urtw, trmiding N. 40 
J.C., apposi- ill soiiio plarcs Lo liavo si-rvod as 
hrancK chunncis which )HTmi(frd :i uiorc r\- 
Icn-'^ivo rcplacnnonfc of tlu- bed, hnl no r-oiislaiit 
nJni ioiH i)otwccn l-ht'so rross Iiss:in'S ;ind (ln^ 
intiKT;U!virdiiro:isI;avcyi-t bcuinlcicriuined. If 
Iho iiilcrsfc(iou botwi-iMi the main luirthmly 
fissiiro and the replaced lirncsltme bod »t tho 
Wolf \viti7,o stope is coiifinucd up\v:i.rd lo the 
south, it will piuj^ ju.sl; oasi of Ihn enHlcru edj^e 
of the ]iria('i;>a! luiniT.ilizod aroa jiiul may there- 
fore bo inierpret<:<I hero loo w^ fbo Irunk ilssure 
supplviiii^ (ho ovc-formiiig ^^oluiions, which 
f^prejid down the dip along tho Jimosfone bed, 
wilieii Iteing (h^posiled wilh some ;^:ilt;na iLnA 
zinc, bleadc close by the fissure, mid tho re- 
maiudor oF Ihc oro minerals wilh diilomite and 
euleite repKwiiij^ ihc bed at jv greider distui'.en. 
Tho extreme pi-nneability of llie. limestone bod 
in the lar^e. mineriili/.ed area can not, for I:iek of 
del'.iiilo ovidcnco, bo explained. It may have 
been dup to extensive shattering; or lo an abun- 
danec of minor fractures that have sini;e been 
oblilernted by the thorough deeomposition of 
the ground. Absence of siliceous ground with- 
in tlie urea tends to dispro\'G the exislenee of 
additional nortlverly trunk fisaurca, ahhou^h the 
shape of tho Colo tunnel slopo and lis alii^n- 
n\ent with tho birge area puj^i^est lissm'iiiy; in a 
northerly to N. 20° E. direction. Tne N. 20° 
15, lissuro n^soeiali'd wi(h the siliceous ore body 
in tho Ui(Mlerom turim-I m:»y be a soulhwiiril 
continuation of thi^ main northerly fissure or 
bvanrli from il. 

I'loni the absi'hec of prouoMnrcti evidence of 
Nilicinealiyii in the Ma«:i/,iuo luinu'l iind South 
l''sMe\ ore bodies, it may be concluded that the 
trunk eharmel wilU which fUc^o bodies i\re n$so- 
eiatod has not been exposed nnder^round. 
There are, liowevcr, outcrops of sUieilicil rock a 



the ore l>odii'-;. 'J'hc■^t'. ore bodies lie so close to 
liie surfnee lluit any direct- connections with 
I his silieided zone arc now probably removed 
bv i>rrt=>ion, Siliciliealion took place in two 

s(ap;es, n^ in the TiiUie dis'Hct, 

WORTH SCRANTOrr PROSPECTS. 

The Xorlh S<ninion properly is on a wfst- 
■wurd-slopinir spur about I ^ miles norlh of the 
Scninlfjn mines. Tho coimtry rock is tho Pine 
Cauyon Tunes! one.j of the same ebaraeter as lit 
the Scianfon mine, consisting of alternating 
hands of nicMlium lo coarse gray ]iines<onc and 
darker liiie-ij;rained uhrrly )iine>ione, which dip 
jri-iidy norlhu-'jird. Tlie workiaigs include a 
shaft, 100 fr^^fc or Ii-sk deep, sunk near the crest 
of the ridge, three sliort tunnels driven in tlio 
upper south side, and a long tunnel driven in 
(lie nortliside. Alitile galrna and minute crys- 
tals of zinc ble.nde ai^soeiatfd witii white dolo- 
mite spfiv aio present in a bed of medium- 
grained ii:agnesiun hmestono aiong a small fault 
lissure of N. 17" E. trend wliich lit's close to the 
shaft collar and has been followed by n. tunnel 
for ashortdisi ancc. About 800 feet east of tho 
shaft and a little down the slope; anollier short 
tuimel follows u zono of cemented bi'oecia in a 
fine-grained snndy (disiufegralod) dolomite. 
A fow hard frn-gmcnts of dolomite nod some of 
the cx^mont in the breccia have a lean sprink- 
ling of galena (and /in<' blende?) and white 
dolomite spar. The long tunnel, which had 
Iwen driven for a distance of 700 feet in July, 
191-3, was headcii toward a point beneath a 
small prospect pit, a sample from wliich was 
sftid to hfl-ve contained a little zinc. Tlic ma- 
terial consists prineipuJly of soft red iron oxide 
and eaicite in a fissure that strikes N. 17'' E. 
and dips S0° K. 

SEW BULLION MIHE. 

The Kew Bullion muie, formerly cjdle/I the 
Biilliinoh, is owned by tho New Bullion Min- 
ing Co., f:mi Lies on the south slope of Miner's 
(Bullion) Oanyon, between 3 and -1 miles eust 
of Doren\us ftfcition on the Los Ajigelcs & 
Salt Lake Eailroad. Tl-.emiuelnid been worked 
in reeent yeara under the leasing system but 
was idle when visited by the writer iu 1912. 

The pix)duction has been fhiefly lead, with 
oousidernblc zine tind u little silver. Returns 
from tlvo assisy^ ^'^'^^ a trace to O.Olo ounec of 



little south of tho South Essex Xo. 2 wliii-h, if |g<.Id arul 3..>5 to 7.1 ounces of f^ilver txi the 
continued novlhward, would pass just east of ' tiui, 20.33 t'^ dO.2 per cent of lead, 7.2 to 0.8 
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per ceut of uisoluble matter, l-i.o to 22. S per 
cent of ziiic, 0.6 to 2.4 per coiit of sulphur, no 
Bpeiss, and 6.5 to 13.45 per c.&\t of iron. A 
100-toii shipment in 1911 run O.OOa oimce of 
gold and 4.71 ouju'cs of silver to the ton iind 
28.69 per cent of lead. The ziuo percentage 
was not given but wrts sufRoiontly high for 
peJitiHzLUg. The ore is oxidized, hut small 
quantities of the orlginnl sulphides remam; 
the gaiigiie contains little quiirtz, the insoluble 
matter recorded in the bpsuvs probably con- 
sisting chiefly of silica from oiilumine. This 
chftruoter iigreos with whnt wtis seeu u\ the 
smuU worked-out stopes on the tunr.el level. 
The underground workings are reached 
through a tuimel thiit exteiids for 250 fe«t 
S. 80° E. and for about 120 feet S. 80° W. 
An old shaft st)irt«d on the liill in the outcix)p 
of tho main ore body renches the tiumel at 
a depth of 110 feet, wboro the tunnel turns to 
a westerly course. A winze about 80 feet 
west of the bottom of the shaft extends for 
200 feet below the tiuniel level. A drift on the 
tunnel le^'el, with short crosscuts, extends for 
180 feet north and west of the wiuze. Drifts 
have been run from the 100 and 200 foot le\^els 
of the winze. 

The country rock is Mississippian Hmestone, 
striking N. 10'' E. and dipping, 30°-35° W., 
ond appeai-a to ii\clude porta of the Gardner 
and Pine Canyon members of the 'J'iutic sec- 
tion. Black cherty beds, clniracteristic of the 
Pine Canyon limestone crop out along the 
slope north and west of the shaft, but tlie 
luidergroxmd workings are in beds of n fine 
t^i rather coai-se grained dolomitic limestone, 
which are prominent in the Gardner formation, 
A few tiiin beds of quartzite and shftle are 
cut by the maui tunnel. Fissuring is pro- 
nounced in a general uortlierly du-ectiou and 
one prominent N. 70" E. fissm-e is exposed. 
Tlxe mam ore body, which was inaccessible at 
the time of visit, is said to be a pipe extending 
downward from the shaft collar to a point a 
little below the tunnel level; its upper part 
is vertic4vl and its lower part has a distinct 
northerly pitch. The ore for the most part has 
been lead or lead-zinc ore, but a concentration 
of zinc ore is said to have been found along 
the footwall of the northward-pitching portion. 



level northwest of tho wiuze. These attain 16 
or 20 feet in length and 5 to 10 feet in width 
hut th,»i^c on the tuiuiel level (tSio only ones 
accessible) have been so thoroughly cleaned 
out and the sxuTounding walls are so decom- 
posed that an exact idea of the mode of occur- 
renc-e can not be gained. These bunches of 
ore he nortJi of tiio N. 70° E. fLssiire, which 
IS also said to be minerahzed. The ore bmiches 
are closely associated with veins and pockets 
of calcite, whie)\ is also present along tlie out- 
crop at the old shaft; caldte IikG\\iaG fills other 
northerly fissures us much as 100 feet or 
more away from any knowii ore ocom-rencc. 
Fi-agmonts of partly oxidized sulphide ore 
coated with iron oxido were found oil the shaft 
diunp. Tho sulphides are a fino-grained mix- 
tui'o of galena and zinc blende. The galona \a 
of the fine-grained variety and shows some 
development of the feathery banding noted in 
tlie galena of the Scranton niino. The zinc 
blende is mostly of the dark-brown fine- 
grained variety, also found al, Scranton. BotJi 
sulphides are associated with ^\-hito gi-anuhu- 
dolomite spar. Tho secondary lead and /,inc 
minerals are irregidaily scattered thix>ugh tho 
sulphides and gnni;ue. Small rusty pil-s among 
the sulphide grains may moa-k tl\o former pres- 
enc-o of pyiitc. A part of the iron may tdso 
have been originally present as carbonate iso- 
morphous i^iLh tho dolomite. 

On account of tho absence or scarcity of 
silicification tho New Bullion oro contrasts 
■ strongly with the ore along tho tniuk fissure.^ 
in the Scranton property, and it may be 
infen'od that tho tunnel-levol ore bodies in tlio 
^fow Bullion are either above the siliceous ore, 
as in the East Tin tic Dovelopmont Co. 'a mine, 
or else are offshoots from a trunk fissure. On 
the other hand, the sUver content is distinctly 
higher than in the Scranton ore; but hovo, as 
at Scranton, oxidatioxi and possible secondai'y 
concentration have destroyed the roliabUity of 
the data. 

PROPERTY OP TESTIO ZINO CO. 

Between the New Bullion on tho south and 
tho Scranton on tho north there ai-e several 
small pvosp<iCts. These have recently boon 
taken ovnr by the Tintic Zinc Co., which baa 
bogxm a campaign of systematic prcspecting. 



SmaU amomits of ore have also been found in Sm-face i^ndications include minoriJized out- 
bunches along northerly fissures on the tunnel | crops and closely related calc.te vems, of the 

104355*— 18 18 
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same goiionil charactor aa thoso on the Now 
BullioTi and Scranton gi'onnd, 

CESTKAI. iUNT.E. 

QEOLOGT. 

Tho mountains betweon Broad Canyon and 
Cedar VaJIey lio iiiong tlio oasfc limb of the 
North Tintic anticliiio, which corresponds to 
tho wflst limb of tho Tiiitic sjniclino. Tho 
strata as a whole have sleep to vertical and 
even ylightly ovcrLiiniod di]>s, suvo alonj^ the 
f<iolliills at tho licad of Ccdiir Valley, wIutg tho 
dip is very iiTogular and tlioro aro soveral local 
anticlines and sj-nclinew. Those local folds 
evidently mark the approach to the principal 
synclinal axis, which lies beneath Cedar Vullcy 
and is the northward continuation of that hi 
tlio Tintic district. The stnicturc, however, 
as thu3 outlined is complicated by faults of 
considerable displacement, which follow gen- 
erally northerly and easterly directions, as well 
as by uiunerous other faults fanned at diiferent 
timcw during and since the folding of tho strata. 
AD tlio strata in tho Tintic section aro i-ep- 
rosontod liere, from the Tintic qnartzite, which 
is present in the upper part of Broad Canyon, 
through iho scries of Middle (and Uppov?) 
Cambrian, Ovdovician, and Missl^sippian Ume- 
stenos to the basal bods of tho Humbug (upper 
Misstssippian) formation. Patches of rliyolite 
aro scattered idong the foothills bordering 
Cedar Valley. 

KCTES AJSH PSDSPSCTS. 

Little or no ore hari been produced in this 
part of tho North Tintic district, but several 
outcrops of promise, both of siliceous and non- 
siliceous character, have been prospected \o 
aotno extent. 

Tiio most striking siliceous deposits'^*, of 
which tho Farragut and Dopreziu are e\am- 
ploK, ai-o tho largo quartz outcrops along Fre- 
mont Canyon, wiiich is vh-tually a southwest 
fork of Cedar VaUoy and heads just north of 
Packard Peak. Outcrops of quart/^ orsihcificd 
limestone art* said to extend northward from 
Fremont Canyon along the oust slope of the 
mountains, but they were not followed north of 
tho Doprezin shaft. 

K&miAQDT. 

The Fftiragut mine, owned by the Adraii'ul 
FaiTagut Minuig Co., includes a gi-oup of 29 
claims extending from the northern boundary 



of tho Goniini ground to the south base of the 
liich mounluin on the divide between Fremont 
and Broad canyons, beyond tho limits of the 
Tintic quadrangle, l^o worldiigs are at the 
h«iid in Fremont Canyon at the west edge of 
thesmaU area of the Ihuubug fonnation. (See 
Pi. I, ill poukct.) They includo a tunnel wath 
se\erHi irrcgidar branches and a shaft 260 feet 
di*ep wiUi ft 44-foot winze from tho bottom level, 
which are all within the Pino Canyon hm^estone 
and are confincpl m^ostly to quartz bodies that 
crop out very prominently. The property was 
idle when visited in 1912, and oidy the tunnel 
was examined. The qinirtz in the tmuid-level 
workings ranges fi-om Hglit to dark iji color, is 
mtu'o or less leached, and is associated with a fer- 
ruginous clay material in decoranosing lime- 
stono. iV-ssays of the quartz at diiferent places 
are said to have yielded Si to S7 a ton in gold, 
5 t-o 25 ouTicea a ton in silver, as much as 3.5 per 
cent in copper, and as much as 1 L per cent in 
lead; hut no attempt has yet be«n made to de- 
velop or block otit bodies of ore. 'Indications 
of ore in limest*>no are said to have been found 
at Xhe bottom of the shaft. 

nKPllKZIN. 

The Deprezin property, named after the late 
Capt. II. Deprezin, of Em-oka, lies north of 
the Farragut, near the mouth of a west branch 
of Fremont Canyon. It consists of sLx claims. 
The shaft is bcsido a cxmspicuons quartz out- 
crop that treads N. 10° W., apparently along a 
nearly vertical fissure, and sends a few branehea 
along the gently eastward or northeastward dip- 
ping beds of Pino Canyon limestone. The 
shaft is about 11)0 feet deep, and two drifts hove 
been run from the bottom, one for 35 feet west- 
ward and on© for 145 foot eastward. Tlieso 
worldngs were not examined bxit are said to be 
ail in leached quartz. At 15 feel below the 
surface in the shaft some material assaying 7 
per cent of bismuth was found in a shoot dip- 
ping northeast. Assays of tho quartz thus far 
have yielded a trace of gold and at moat 2 
oimces of silver to tho ton, but no lead or 
copper. 

The only prospect visited in this section 
that reproHentij the nonsilic-eoua type is the 
Tintic-PIiunboH, which is on tho lower east 
slope of tho range in a canyon that marks 
tho northern limit of the highest summits. 
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It IS about 7 uiUes due north of ?tu-knnl Pouk. stones nnd the Bluebell dolomito: the Aiax nnd 
Tne imciediatQ crtimtry ro.-k is tho iippor pRrt Opohonsft worn noU'd alon- tlie lower ensteru 
of t.he Pine Caiiyou limestone, \viiidL n.nsisU i slopes of Pinyon Penk, and the BkobeiJ fvom 
of alternating bands of the liltiuk elici-ty anil ' llomansviJle Canyon northwnrd aloag the 
tho coai-se-gmmed linieslono of tlie Iron CIos- 1 upper c:ai;Ioni and northern alopes of Pinvon 
som zone. The dip i,s verticnl U> very steep j Peak. The upper part of the struta mapped 
westward (where slij^htiy overturned). 'I\\-o aa Bhiebcll alonL' Pinvon Peak nuiv ineUi<lo 



shafts have been sunk, one U)ii iVet and one 
20 feet deep. Btith nvo in chcrty doloinitic 
Uuiestone. The outcrop at the eoUar of the 
100-foot shaft is of eherty limestone out by 
veinlets of wliifo to brownish ealcite of coluni- 



onj; ruiyon 1',-ak nuiy include 
heds of Silui-irin or Devonian age, Devoiiijin 
shaly limestone about 150 feet thick — hero 
desi^'natt'd the Pinyon Peak limestone— 1ms 
hecri traeed nlon;j; the top of the Bhiobell 
dolomite from tho nose ef the blunt eastern 



nar to coarse granulm- cluu-iiet^r, contiiining a j spur of Pii:yon Peak southwestward to tlio 
few sroall lumps and grains of "steel" andjsoutli i>aso of the peak. It is absent on tiio 
"cube" galena with a Jittio zinc blende. The \ northern slopo of Pinyon Peak niul hi Honians- 
chert lenses may be mistnken for quartz | Wllo Canyon, Mississippian beds iwtuig upon 
similar to that of the low-grade siliceous ores i tho Bluebell dolomite at both places. Ilio 
in tho Tintic district, but it is a signilicflDt fact lower Mississippiau limestones (Gardner and 
that the ore mmerals were found only in the Pine Canyon) form the western slopes and 
calclte vomlets or the inunediately adjacent !■ summits of Pinyon Peak and the lower peak 
UmestoDO and not in the ehert, also that tho j to the south. They have also bcou noted at 



chert is equally abundant where there ia no 
evidence whatever of minerahzatiou. Tlie 
ore minerals were followed for 15 feet down 
the shaft, and a picked sample is said to have 
assayed 26 ounces of silver to tho ton and 44 
per cent of lea<l. Tlie shaft coiiiinues down- 
ward uloiig an h'on-stainod fissurej and a short 
crosscut from its base is said to pass tluough 
8 feet of kaolin uito some sihceous material, 
fuU of ii'on and aianganese oxides, wliieh 
assays tj-aces of gold and ailver. J\ist south 
of the 100-foot shaft is an easterly fault or 
cross break, and fractures parallel to it are 
filled with white and locally j-cUowish eaU:itc. 
The facts observed sutjgest tliat hi this thrcc- 
tion mineralization at tho s'.urface haa nearly 
reached its northern hmit. 

SOUTHE-VSTEnX .\RKA. 
GEOLOQT. 

The southeastern area includes tho v&it^c 
extending north-northeastward from Pinyon 
Peak and tlio lower ridg*«i just west of Pinyon 
Peak. The country rooks are nearly all Ume- 
stones, cut by a few rhyolite dikes and in part 
covered by a veneer of effusive rhyoHte. The 
formations exposed range fi-om Camhrian to 
upper Mississippion Limestone of probahle 
Oamhriau a"© has been noted on a low knob 
east of Pinyon Peak. The Ordovieian is rep- 
resented by the Ajax and Opohonga hme- 



differcnt points along tho range towartl the 
north and with a few overlying patdioa of tho 
litnnbug formation they form tho low ridges 
to the west. 

The area consists fop the most part of tho 
east limb of the main synclino of the region, 
the- prevailmg dip hoing ahout 20° W. llie 
syncUnal axis extends along the cast side of 
Fremont Canyon and lienenth Cedar Valley. 
Faulting is conspicuous in places and hoth 
northerly and easterly systems are doubtloas 
present, Ijut as in tho Tintic district only the 
easterly faults are clearly expressed on tlio 
surface. Fissuriug without conspicuous faul(>- 
ing is abundant hi tho few places where any 
extensive undeigrourid work hna been done 

PROSPECTS WEST OF PIHVOK P£AK. 

Thiife an-, oidy a few small prospects in tho 
ridges west of Pinyon Peak. Tlic Enreka- 
Comstock, which is at ther^authwcst. base of the 
6,726-foot peak, )ius a shaft 50 feet deep, fol- 
lowing a narrow vertical silicificd zone. Tho 
outcrop of the zone is o>adi?.r*l to n red color. 
A httlo gold and silver have been reported. 
The North Colorado shaft lies just south of the 
EurekaX'omstock but was not accessihJo. Ou 
the Davis group, to the north, a shaft was 
bemg sunk at the tune of visit along an IS-inch 
vein of iron and manganese oxides that assayed 
a trace of gold. 
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MZHXa AMD PROSPECTS WORTH AND KORTHEAST OF 
PUnrOH PEAK. 

Considerable work }uts bci-ii done along tlu^ 
riUf^c east of Codur Valley imd north of Piiiyon 
Pcnk, but oiUy tlirce proj)crtie4;, (ho Ldu- 
Tiritie, Sclnm, and lUo Tiiitiu-Dolriior, wert^ 
being worked when vwilod by the wTitci-. 

I-EMI-TIKTIC. 

Tiie Lelii-Tinlic mine is on Uio west slope of 

tb« ridge, noiirly due cnst of Grody Springs, 
whifOi fiirnislies a water supply to difffTcnt 
properties in its vicinity. The mine formerly 
pro<luce^ a good grade of oxidized silvor-lead 
oro from workings near the top of the riilge. 
The oro is said to Imve followed u N. .50" E. 
fissure (in Mississippi an (?) limestonn), but lo 
have pine-bed out downwurd. At ihe time of 
tlic writer'a hasty visit (July, 1912) a tujmel 
WQ.1 being driven along a strongly undulating 
fiesure zone that strikes generally N. 60*^ E. 
and dips 45° NW. t-o 90", with the intention of 
prospeeting beneatli the old ore. body. A few 
small indieations of ore, but none of consr'- 
quencc, wore said to have, been found along 
this fissure zone. In Mareh^ 191.3, it wius 
reported in sevorol n;inuig journals that ore 
oontiiiniiig loud, silver, nnd a httle gold had 
beeji found on tJio tunnel level. 



The Selma property ia at Uie northwo-st base 
of Pinyon Peak, a short distonco beyond tbo 
northern boundary of the IHiitic quadrangle. 
The surface countiy itick is the Bluebell 
dolomite, much fissured aad cut by a fow 



rhyolitc dike?. The principal workings consist 
of a long tumiel and a shaft 210 feet deep. 

The tuimel was run to explore the *'cave 
fissure/* a large cavernous pipft of low-grade 
iron ore., with small qiumtities of lead and pre- 
cious metals, which is said to be continuous 
from the surface downward. Other evidences 
of minoraUzation along fitjsures have been un- 
covered in small prospects, but none have been 
developed. At the time of visit (July, 1914) 
the only activity was at the shaft, which was 
hcuig equipped with new macliiuer}" prepnra- 
tory to rumiiug a drift eastward from the shaft 
bott4>ta to cut certain of the minei-alized fis- 
sures nud to reach tho- "cavo fissure" at 
greater depth. 

TINTIC-DKLJUR. 

The Tij\tic-Delraar property is on the east 
slope of the ridge, northeast of Pinyou Peak 
and southeast of the Lehi-Tintie workings. 
When it was visited (July, 1912) a tunnel had 
been run in a N. 37° E. direction through the 
Pine Canyon Hmestone for 450 feet, aud two 
winzes .50 find 25 feet deep had been sunk 
from it. The 2o-foot winze close to the tunnel 
fact) WHS being sunk along the junction of a 
N. 25° E, fissure with an easterly fissure and 
had exposed a few small calcite veiTUots. No 
ore was seen. A little network of calcite 
veinlets was found in sihcified limestone about 
125 feet from the mouth of the tunnel, and an 
assay of the sihcified rock was said to have 
yielded encouraging quantities of silver aud 
gold; but no development of tjiis rock had 
been attempted. 
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Gyjisiim, (onnsof..: 130, Ifil 



Ignvotu rootai, oaiurvof. P*t». 
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IE. 
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fossils dMcmdiir.! by 33, 33,;Ji, 3U 
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OV'JiK'ii'rwfroin, onlI)«onKlnaftheit;<HOusro=Ks ri-74 
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Lchl-Tlnli« prf I f , *!( M'lopoicDV In a7'i 
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Limi'ilanc, wldlHonof, to mdcmiuc 70-75 
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biituin ■■-■-. 7»-83 

mtniTiilxali'ii of, flnt ph.wc 154-1^7 
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brjifin o(. -- 17, H 
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pinnof ■■"' 
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tirr Twillc-i of lM-j:U 

UiMTiiinilh-Norllii!™ RpyfiuU iona,(irli:li< of Si-l^ 
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HInluc. hlUorjr of. nsv-iOT 
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Monjioculft'Of thoSUvcrClly »toe», litholocyot 05-&i 
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p-oJ.«(yo(,... Z41-ZS! 
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iMilMr-iia fH 

Opliirfcirraiill&r,cornl(i'.loiiof , SiV-Sf? 

di.slr'- ijlion of '85 

lilhnlryyof 26 

tlvlilmiis;. of - 2,5-28 

Opotion^iiJuiL-slono, coiT'LaMDii of "J3-3-1 

dlKlrlbiitlou and thlckinw ot 32-33 

lllholiipyof. 33 

pluUusliowliH: 32 

Opchootm mine, dcscrlpliou o( il7-2ia 

am ijoiUi^of IM 
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Oreif.fl>o^^-'.. nci\of IS3 

rtilof fc-iliires ot 1S2-1S3 
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dLstribuLloQ ol 1 19-lUl 
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altnalioa of rocVa luxtimvariyine M-'JO 
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igu*^ of '27 
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PBCtard rhyolUo, rtnjlyvw: of. ^a 
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Ittbalueyof ^ 46-*l 
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lO80i<Uiimutary rcK^Us 73-73 

r.ilniur, Cliikj-c, afUlIy^is by , 133 

Pii.tmnn-^iik(|,finiltsinithwiril r.f 78 
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PaarcpiU*, forms of 139, lU 
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proii»*cU w»H!' M 273 
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Sclnia nUnv, d«vclii|^n',jwt In. , 374 

Borkltlullnn. dtJvrtcpir.Mit of ^ 



fvldi'iir'.' iif.. 



J« 



Q. 

Qunrt7.. alteration •fcooatrynorkit to -. (W-« 

tar.-caof 130,H*-M1 
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8ih-or Cily stock, flNwrvji nwjr, or|i;iii of jsi 

lUhoJoiry of. la 

stniclnrs of B4-*B 

SU vir Gem channel, lucaflon of 192 
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E^ne Canyon limeBtotie 
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mitt with b«d» «f neariy bktck 
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ResenMes porta cif TeuU>nic and 
Htrkimtr Hmtttoneg but u 
redder im the totmlt. Co*taet 
tneta-mofvhie in vari) 




AJBx limestone 

iUmrk biuiah-graymagneaia-n li^lM' 
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and i>ar ta ofO'pohonsa CimMtMHI, 
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and aTSfUlacwuB in upiwrmori 
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Ctumbrian) 
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Monzonite porphyry, Tmp 
and biotite latitc, TbI 

(Contuicted with the Sunriae Peat 
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wf tffveiv« cAfliraciar) 
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tSmcHied WtMi thfrtfore rimeiiMino 
the rkyotiu t^ff) 
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Pine Canyon limestone y. 
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Gardner dolotnite 
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Bluebell dolomite 
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morpAie in port f 



Opohonga limestone 
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mirfacea t/eUov ta red aitmiut' 
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Hftki-lner 1\tki>kU»vb» but ia 
rwider on the whola. Contaet 
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